The grade placement of the physical science principle "sound is produced by vibrating material" in relation to mental ages. by Oxendine, Herbert Grantham
Boston University
OpenBU http://open.bu.edu
Theses & Dissertations Dissertations and Theses (pre-1964)
1953
The grade placement of the
physical science principle "sound is
produced by vibrating material" in
relation to mental ages.
https://hdl.handle.net/2144/17212
Boston University
r;J. 
o~nJw"e) He.'lbew-t G· 
5:1.1), 
t ~ t:o 
_A~ 
r 
BOSTON UNIVERSITY 
SCHOOL OF EDUCATION 
Thesis 
TEE GRADE PLACEMENT OF THE PHYSICAL SCIENCE PRINCIPLE 
"SOUND IS PRODUCED BY VIBRATING MATERIAL" 
IN RELATION TO MENTAL AGES 
Submitted by 
Herbert Grantham Oxendine 
(B.S., ·western Carolina Teachers· College, 1938) 
(Ed.M., Boston University, 1951) 
In Partial Fulfillment of Requirements for 
the Degree of Doctor of Education 
1953 
Bos~Gn Unj\~~sity 
~boel ot E~~e~~lon 
-........ Library 
To my wife:< 
Who by her encouragement, assistance and 
faith in my ability made it possible for 
me to do this study. 
II 
~I 
First Reader: John G. Read 
Professor of Education 
Second Reader: Ralph Garry 
Assistant Professor of Education 
Third Reader: Helen Murpby 
Professor of Education 
CHAPTER 
I. 
TABIE OF CONTENTS 
Page 
CHARACTERISTICS OF TEE STUDY •••.••••••.•••••••• 1 
IJl.troduction. ·- ...•...• ~ ••.•.........• o- .. • • • • • l 
Purpose of the study ••••••••••••••••••••• 1 
Scope. . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . .. . . . l 
Procedure·. . . . . . •. . . . . . . . . • . • • . • . . . . . . . . . •. . 1 
Information obtaine-d.. • • • • • • • • • • • • • • • • • • • 3 
Definition of terms •••••.•••••••••••••••• 3 
EXperimental group ••••••••••••••••••••••• 4 
Justification •.••.•••.••.• ~ ••....•.••...• 4 
Design of the Experiment •••••••••••••••••••• 12 
Scope and limitations •••••••••••••••••••• 12 
Discussion of procedure •••••••••••••••••• 13 
The demonstration •••••••••••••••••••••••• 14 
The Test Technique •••••••••••••••••••.•••••• 14 
Structure of the Test ••••••••••••.••••••••• 14 
Multiple choice items ••••••••.••••••••••• 14 
Levels of difficulty •••.•••••••••.••••••• 16 
Vocabulary •••..•.•.•.••••••••.••••••..••. 18 
The test tryout •••••••••••••••••••••••••• 18 
The test period .•••.•••• ·•••••••••••• • • • • • 18 
Aims and Use of the Test ••••••••••••••••••• 19 
Employing statistics •••••••••••••.••••••• 19 
Demonstration ..•. •.......•............... 21 
What the test endeavors to determine ••••• 21 
II.. SURVEY OF RELATED LITERATURE. • • • • • • • • • • • • • • • • • • 23 
Teaching by the Use of Principles ••••••••••• 23 
Lec~~e-Demonstration Method of Teaching •••• 28 
Effectiveness of lecture-demonstration ••• 28 
Criteria for a Good Demonstration ••••••••••• 43 
Statement of the problem •••.•.•••••.••••• 43 Nee·a.·· for research ••••.••••••••••••••••••• 43 
-iii-
CHAPTER 
II. 
III. 
iv 
Page 
Definition of demonstration ••••••••••••••• 44 
Review of the literature •••••••••••••••••• 47 
RESEAR.CH PROCEDURE. • • • • • . • • • • • • • • • • • • • • • • • • • • • • • 53 
O~assroom technique •••••••••••••••••••• 53 
The demonstration •••••••••••••••.•.••••• 56 
Facet number one ••••••••••••••••••••••• 56 
Facet- number two. • • • • • • • • • • • • • • • • • • • • • • 57 
Facet number three •••••••• _............. 57 
Facet number four •••••••••••••••.•••••• 57 
Facet number five • • • • • • • . • • • • • • • • • • • • • • 58 
Facet number six ••••••••••••••••••••••• 58 
Facet number seven •••••.••••••••••••••• 58 
Otis test •••.•••••••••••••••••••••••••• 59 
The retest .. ............ ., . . . . . . . . . . . . . . . 59 
IV. EV4lLUATION TECHNIQUES ••••••••.•••••••••••••••••• 60 
Introduction.......... • • • • • . • . • • • • • • • • • • • • • 60 
Analysis of Data :Pertaining to the Physical 
Science Principle nsound is Produced by 
Vibrating Materialu.... • • • • • • • • • • • • .. • • • • • 60 
Sampling theory •••••••••••••••••••••••• 60 
Mental age levels •••••••••••••••••••••• 64 
Analysis of variance ••••••••••••••••••• 68 
11 t 11 test ..... .. •......... . . . . . . . .. . . . . . . 68 
Item analysis ••••••••••••.••••••••••••• 73 
Reliability of the test •••••••••••••••• 80 
Experimental and control groups •••••••• 82 
Chance gain or loss by the control group 84 
Gain from pre-test to post-test made by 
the experimental groups •••••••••••••• 86 
Mastery as related to this study ••••••• 88 
Motivation and Retention •••••••••••••••••• 89 
Experimental groups •••••••••••••••••••• 89 
Control groups. •. • • • • . • • • • • • • • • • • • • • • • • • 90 
V. SUMMARY, CONCLUSIONS AND SUGGESTIONS FOR FURTHER 
STUDY. • • • • • • • . . • • • . . • • • • • • • . • • • • • • • • • • • • • • • • • • 93 
S"Um.mary. • • • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • • 93 
CHAPTER 
v. 
VI. 
VII. 
The problem ...............•..........•• 
Educational validity ••••••••••••••••••• 
Reliability •. .......................... 
Item difficulty •••••••••••••.••••••••••• 
Experimental and control groups (pre-
test) .................... · .... • • . · · • • • 
Mental age placement of the principle, 
tt sound is produced by vibrating mat-
erialu ••••••••••••••••••••••••••••••• 
Grade placement of the principle, 
11 sound is produced by vibrating mat-
erial11 •! •••••••••••••• • • • • • • • • • • • • • • • • 
Retention . ........................... · • 
Motivation ............................. . 
v 
Page 
93 
94 
95 
95 
95 
95 
96 
98 
99 
conclusions •••.••..•..••....•.•••..•...••• 100 
SUggestions for Further Study ••••••••••••• 100 
Replicated studies ••••••••••••••••••••• 100 
Relating this technique to other subject 
matter areas ••••••••.••••••••••••••• 101 
Deviates of the upper level •••••••••••• 102 
Deviates of the lower l~el •••••••••••• 102 
Differentiated units ••••••••••••••••••• 102 
.APPEN'DJ:X ......................................... ·• 104 
Pre-test •...•.•••. ~····················••• 105 
Post-test ••••••••••••••••••••••••••••••••• 110 
Story on Sound •••••••••••••••••••••••••••• 114 
Letter to Superintendent of Schools ••••••• 115 
Questionaire... • • • • • • • • . • • • • • • . • • • • • • • • • • • 116 
BIBLIOGRAPliY'. • • • • • • • • • • • • • • . • • • • • • • . • • • • • • . • . • • • 117 
Table 
1. 
lA. 
lB. 
10. 
2. 
2A. 
3A. 
4. 
6. 
LIST OF TABLES 
Performance on Pre-test on Sound by Methods 
for Fourth and SiKth Grades Population 
Page 
Areas. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. • • 63 
Performance of Different Mental Age Groups 
on Test on Sound for the Control Pop-
ulation •••• ~ •••••••••••••••••••••••••••••••• 
Performance of Different Mental Age Groups 
on Test on Sound for the Experimental 
Population ........... ...................... . 
Performance of Different Mental Age Groups 
on Teat on Sound for Total Population ••••••• 
Analysis of Variance for the Fourth Grade 
Population • ..... • ...............•.•.....•... 
Variance Between and Within Seta •••••••••••••••• 
Analysis of Variance for the Sixth Grade 
Population . ...........•...........•......... 
Variance Between and Within Seta •••••••••••••••• 
t Ratios and Their Significance at the Fourth 
and Sixth Grade •••••.•.•.•.•••.•••••••.•..•• 
Difficulty Index for Items of the Pre-test and 
Post-test at the Fourth Grade ••••••••••••••• 
Difficulty Index for Items of the Pre-teat and 
Post-teat at the Sixth Grade •••••••••••••••• 
Difficulty Indices of the Items on the Pre-test 
and Post-teat at Fourth and Sixth Grades •••• 
65 
66 
67 
69 
69 
70 
70 
72 
76 
77 
78 
8. Discrimination Indices of the Items of the Pre-
teat and the Post-teat at the Fourth and 
Sixt·h Grades. . . . . . . . . . . . . . . . . . . . . . . . • . • • . . . . 81 
9. Means and Standard Deviations of the Pre-teat 
for the Fourth Grade Experimental and Con-
trol Groups •••.••..•.•.•.••••••••••••••••••• 83 
vii 
Table Page 
10. Means and Standard Deviations of the Pre-test 
for the Sixth Grade Experimental and Con-
trol Groups •••••••....••.•••....•••.•••••..•• 83 
11. Means, Standard Deviations and Proportion 
Passing on the Pre-test and Post-test for 
the Fourth-Grade Control Group .••• ~ •••••••••• 85 
··.12. Means, Standard Deviations and Proportion 
Passing on the Pre-test and Post-test for 
the Sixth-Grade Control Group •••••••••••••••• 85 
13. Means, Standard Deviations and Proportion 
Passing the Pre-test and Post-test for the 
Fourth-Grade Experimental Group •••••••••••••• 87 
14. Means, Standard Deviations and Proportion 
Passing the Pre-test and Post-test for the 
Sixth-Grade Experimental Group ••• ~ •••••••.••• 87 
15. Means, and Standard Deviations for Total Popula-
tion (Post-nest and Re-test)................ 91 
i 
I 
I 
', 
CHAPTER I 
CHARACTERISTICS OF THE STUDY I 
I 
i 1. Introduction 1 
I 
Purpose of the study.-- The grade placeme~t of scienti-
1 fie principles is an important aspect of teach~ng science at 
I . 
the elementary level. Heretofore, there has b,en very little 
experimental research done in this area. The 1nvestigator 
using a classroom demonstration technique took !the principle, 
i 11 sound is produced by vibrating material," and !endeavored to 
discover at which grade level in relation to m~ntal age the 
i 
teacher may expect to get maximum learning, if lthe technique as 
! 
is described in the following chapters of this !study is used. 
i Scope.-- This study included fifteen elementary schools 
i 
in New England. Five schools were selected in jeach of three 
I 
areas, urban, urban fringe, and rural. This cdnstituted a 
I 
stratified sample based on the environment of ~be New England 
I 
area. Seven hundred pupils from grades four a~d six were used 
I 
I 
I in this study. 
I Procedure.-- Pupils were pre-tested to es~ablish their 
initial knowle_dge of the principle, "sound is ~reduced by 
vibrating material." The pupils were then randomly separated 
I . 
! 
into two groups, experimental and control. ~h~ experimental 
I group was given a lecyure-demonstration on the !principle, 
I 
nsound is produced by vibrating material." Th~ control 
! 
I 
l 
I 
I 
I 
I 
I 
•. .-:i-~ 
~/;.;.~-
j_ 
group in another room was given a silent rea~ng period~ 
Both groups were given the same post-test• T;he post-test 
i 
was the same as the pre-test, except that the: responses to 
I 
the items were arranged di~ferently (scramblea) in the two 
tests. After the whole experiment had been cbmpleted, the 
I 
pupils of the control group were given a lect~re-demonstra-
' 
tion on some physical science principle other than sound. 
I 
The investigator felt that this was necessary i in order to 
I 
keep the pupils of the control group from fee~ing that they 
had been neglected. 
i The pupils o~ the control group were sup~lied with a 
written exposition on ttsound is pr.oduced by v~brating mat-
erial. u This procedure was to show if such ari exposition 
i 
could be used to create interest to the extent that the pupil 
would investigate the principle, tt sound is produced by v 1-
brating material, 11 on his own initiative. Af~ter a period of' 
from three to four weeks the post-test (calla~ retest here-
after) was given again. This was done to meashre retention 
I 
with the experimental group and to see if the exposition on 
I 
usound is produced by vibrating material" would create an 
interest with the control group. Finally, i~ poth groups 
investigated the principle,· ttsound is produced\ by vibrating 
1 
material, u to such an extent that there was a ~ignif'icant 
difference in their scores on the retest over the scores on 
i 
the pre-test, this retest study might evaluate\the efficiency 
. ! 
of' another technique of teaching. It was ass'Ulijed that the 
i 
time spent in a good demonstration with a care~ully prepared 
I 
lecture would result in a small increment of' 
~~-
l~arning. 
I 
I 
2 
! 
Information obtained.-- Data gathered f~om each pupil 
I 
I 
consisted of the pupil•s name, grade, intell~gence quotient, 
I 
mental age, chronological age, sex and test sicores on sound. 
I In order to obtain the pupil's mental age, the Otis Quick 
I 
Scoring Mental Ability Test (Beta form A) was! given by the 
I 
I 
teacher on the day following the lecture-demonstration. The 
! 
I test papers were mailed to the investip:ator. 1 
Definition of terms.-- The term principle is used to 
signify a generaliz_ed statement through whic~ otherwise un-
- .Y 
related data are systemized and interpreted. j The term 
stratified ~ample is used to mean a sample ob~ained by di-
1 
viding the population into categories and sellecting propor-
gj ! 
tionately from each category. The investig~tor's sam~le 
I 
was not drawn proportionately. The term randiom sample is 
I 
used as a sample chosen in a purely 
population, or universe, that it is 
as used in this study is defined as 
chance mahner from the 
! 21 to repres~nt. Urban 
I 
a city wb,ere large in:... 
I 
I dustries are located, and the pupil's parents! receive the 
major part of their income from industry. urban fringe is 
used in this study to mean an area within 
of a large city. Rural is used in this 
; 
I twe:p.ty-five 
i 
stujiY to 
! 
mean an area where agriculture is dominant ! and the 
! 
i 
miles 
~~~~--~--~~-~- ' 1/0arter V. Good, Dictionary of Education, M~raw-Hill Book 
Company, New York, 1945, See nPrinciple.tt 
g/Ibid., See "Stratified sample. 11 
2,f.Ibid., See uRandom Sample. ff 
3 
itncome is derived partially from agriculture :and 
small industry directly associated with farm produce. The 
rural schools in this study were suggested to the investi-
gator by the Commissioners of Agriculture in their respec-
tive states. 
, 
-Experimental group as used in this study ~s the group 
of pupils who saw the lecture-demonstration on! "sound is 
; 
produced by vibrating material." Control group as used in 
this study is the group of pupils who did not see the lec-
ture-demonstration on usound is produced by vibrating mat-
erial. n Pre-test indicates the test taken before the lec-
ture-demonstration on usound is produced by vi6rating mat-
erial." Post-test indicates the test taken after the lee-
, 
ture-demonstration·on usound is produced by vibrating mat-
erial. 11 The term retest is defined as the test that was 
taken three or four weeks after the lecture-demonstration 
on 11 sound is produced by vibrating material.u 
Justification.-- As has been stated before very little 
evidence of experimental nature is available o~ the grade 
placement of scientific principles. Educators ~mphasize the 
need for research in this fiel.d, due to the tremendous in-
crease in scientific knowledge. Below are quot~d some 
writers who say that if this research is succesrful, it 
will be·finally possible to determine the age l~vel at which 
I 
I 
science principles may be introduced into the c~rriculum with 
optimum effectiveness. 
y 
According to Beck · scientific knowledge is accumulating 
at such a rapid rate that there is neither t~e nor excuse 
for teaching the elementary scientific concep:ts in the higher 
grades. He says that the beginning students ~n the higher 
elementary grades do not have a prerequisite understanding 
of the individual science courses offered in the higher 
grades. He suggests that research be done to! determine 
n_ - - what fundamentals of science can we e~ect most child-
ren of similar ability and cultural background to master at 
each maturity level. 11 
gj 
Tbe Committee on Research in Elementary Science for the 
• 
National Association for Research in Science ~eaching in 
21 its progress report edited by Verrill stated,that due to tbe 
great expansion of scientific knowledge, science principles 
and concepts will have to be taught in junior high school 
science courses. He concludes that 11 - - studies should be 
: !:JI 
made on pupil readiness for more science conc~pts." 
The National Society for the Study of Education 
1/Alfred D. Beck, "Some Unanswered Ques:tions Pertaining to 
the Organization of a Twelve Year Science Sequence, u Sci-
ence Education (April, 1948), 34: 176-177. , -
g/Ibid., P• 177. 
21 Jobn Verrill, nNeeded Research Studies in the Junior High 
Schools, n Science Education (April, 1948), 32:: 175-185. 
!:J/Ibid., P• 175• 
: 
5 
y 
suggests in its Thirty-First Yearbook that ,science based on 
broad generalizations be taught in a twelve year sequence. 
This yearbook places the selection and sequences of courses 
within the curriculum, and the grade placement of topics at . 
the top of the list of needed research in science teaching.~ 
(So far as the investigator knows there have been no large 
scale experimental studies of this nature.) 
. . ~ 
Bellack states: 
11 Clearly then, sequence and grade placement 
deserve high priority on the agenda of curriculum 
development. In dealing with these problems there 
are at least four major areas to which the cur-
riculum worker can turn for guidance: (1) Educa-
tional Philosophy; (2) Psychology of Learning; 
(3) Child Growth and Development; (4) Sociology. 
It is recognized that there are considerable over-
lappings between these areas. For example, studies 
in child growth and development draw heav,ily on 
findings in the Psychology of Learning. u y . i 
Concerning pupil readiness Bellack suggests: 
"Implicit in much of the preceding discussion 
is the notion that at various stages in t~eir dev-
elopment, children and youth-are 'ready' for cer-
tain activities and learning experiences.· Some 
educators look on readiness as a function. of mat-
uration alone. While physical and mental' maturity 
play a major role, other factors seem to be equally 
important. To a large degree previous experien-
ces play a promin~nt part, as do opportun+ties 
(/ I 
1/National Society for the Study of Education,· 11 A Program 
for· Teaching Sc·ience, tt -Thirty-First Yearbook,· Part I, The 
University of Chicago Press, Chicago, Illinois~ 1932, p.354. 
g/Ibid., P• 354. 
~Arno E. Bellack, t1Sequence and Grade Placement, tt Journal 
of Educational Research (APril, 19.48), 41: 611~ 
i 
,1/Ibid., p. 619. 
6 
which are presented for participation in various 
kinds of activities .n y 
Bellaek also states: 
"Attempts have b-een made to determine at what 
age students are ready for specific activities 
and learnings. The Committee of Seven, for example, 
working under Washburn's direction have identified 
the mental ages at which certain arithmetical 
skills appear to be learned best by large numbers 
o:r children in Illinois. It should be noted that 
while the conclusions o:r the committee show that 
certain processes are mastered. by children o:r a 
given mental age, they do not indicate when the 
process should be introduced for study. The mere 
:ra.ct that a particular skill can be learned at a 
given mental age is not suff'ieient reason to in-
clude it in the curriculum a.t that time unless 
there is good evidence that the skill meets-· some 
worthwhile need for the learner at that particular 
stage in his development.u 
Among the aims of education~ is one that purposes to 
give some meaning, some security and purpose to life. Ideally 
education should provide the opportunity for every boy or 
girl to become a good citizen, to make a conti!ibution to 
society, and to attain self satisfaction. The life of the 
youngster is so surrounded by everyday t-hings that pertain 
to science, that science education seeks to give him a small 
amount of knowledge concerning many things based on the 
principles of science. The aims of science teaching are 
encompassed in the aims of education, both contributing as 
. y 
Bellack says to life enrichment. 
A great emphasis is placed on education in our modern 
1/ Arno E. Bellack, ~· cit., p. 620. 
g/Ibid., P• 42. 
times. Children are compelled to a~tend school until they 
become a certain age. Ideally our children are assured a 
free education. It is the responsibility of the school both 
to the child and to society, to ofXer activities which will 
prepare the child intelligently to participate in our dem-
ocratic society. y 
Bellack also states: 
n In planning the sequence and placement of 
school experien9es, then, consideration must be 
given at every stage to the demands of society 
in regard to both the important responsibilities 
of citizenship a.nd the great variety of learnings 
and adjustments occasioned by circumstances pe-
culiar to our culture.u - --- - - - - -
Grade placement of curricular material is a 
matter of providing experiences at each grade 
level which are suitable to a maturity level of 
the students and are designed to achieve the 
objectives of the program. tt y 
Concerning the definition of maturation, Kingsley 
states: 
"~Concerning) the normal physical growth of 
the physiological functions: If these physiolog-
ical structures have not dev-eloped to the point 
where the child can carry on the activity essen-
tial for a particular kind of learning, it is quite 
obvious he will be unable to achieve success in 
this direction." 
The maturation of the child in order to obtain the max-
imum efficiency in learning must be considered. Ell-
1/Arno E. Bellack, ~· cit., PP• 623, 625. 
g/Howard L. Kingsley, The Nature and Conditions of Learning, 
l'rentice-Hall Incorporated, New York, 1949, p. 49. 
8 
y 
dreth. shows that if' a child is presented with a problem 
which is beyond his maturity level, he will reduce or sim-
plify the problem to his own realm of understanding, which 
may lead to misconceptions and make learning more difficult y 
when the proper maturation level is reached. llasbburne 
also points out that if a child is confronted with a problem 
which implies that he must succeed, it will give him a feel-
ing of failure if the problem is above his maturity level. 
This feeling of failure will undermine his security. "In-
stead we must guide him into those learning situations that 
he can attack effectively and with sufficient success to 
yield satisfaction, encouragement and growth." 21 
Many studies concerning motor-skill development in pre-
school children have been attempting to try to assign learn-
!±/ ing experiences to definite maturity levels. A number of' 
studies also have been made to determine the role that mat-
uration plays in the development of various concepts. 
~: 
Pistor conducted an experiment to determine how time 
)}Gertrude Hildreth, "The Difficulty Reduction Tendency in 
Yerception and Problem Solving," The Journal of Educational 
Psychology (April, 1941), 32: 305-313. 
g/National Society :f'or the- Study of Education, "Ohild Develop-
ment and the Ourriculwn, tt Thirty-Eighth Yearbook, Part I, 
University of Ohicago Press, Ohioago, 1939, PP• 3•4. 
2/Thirty-First Yearbook, ~· ~., p. 3. 
!/Marian E. Breckenridge and Elee Vincent, Ohild Development,, 
w. B. Saunders Oo., Philadelphia, 1949, p. 4=5. , 
5/Fredrick l:'istor, "How Time Ooncepts Are Acquired by Child-
ren," Educational Method (November, 194o), 20: 107-112. -
9 
concepts are acquired by children·. He concludes that "- - ev-
idence points heavily in favor of maturation rather than train 
ing as a dominating factor in tim.e-eoncept development. u 11 . . 
Piaget.. tried to assign stages in the child • s thought 
development to maturity levels. · Questions were asked in 
personal interviews relating to the cause of natural phenom-
ena. He then developed categories of responses. Piaget 
traced three steps in concept development relating to tbe 
origin of the sun and the moon. The first step was that of 
artificiality, suggesting that the sun and moon were made by 
some human being. The helief that the sun and moon were 
developed by a combination of artificial and natural causes 
was the second stage. The third stage was the belief in a 
completely natural origin of the sun and the moon. As a 
result of this study it was implied that the child passed 
from one stage to another only when he had reached the pro-
per maturity level. Piaget's work has been criticized and 
his conclusions cballanged because of the complexity and the 
subjective nature of interpreting the responses of the child-
ren. y 
A study was made by Haupt, who discovered that the 
Y Jean J!iaget, The Child's Conception of the World, Harcourt, 
Brace and Company, Incorporated, New York, 1929, p. 14. 
· g/George W. Haupt, tt An Experimental Application of a Philoso .... 
p~ of Science Teaching in an Elementary School," Teachers• 
College, Columbia University, Contributions to Education, No. 
' 633, Bureau of Publications, Teachers' College, Columbia Un-
iversity, New York, 1935, p. 98. 
10 
ability to generalize could be found at all grade levels from 
grade one tbrough grade six, but that this ability to gen-
eralize was limited by the complexity of the concepts studied. y 
In Croxton's study, it was found that children in the 
higher primary, intermediate and junior high school grades 
are capable of generalizing. 
However, there are other phases of the child's behavior 
to consider. Placement of curricular material is not entirely 
a matter of maturation. A very important aspect is learning 
readiness, which includes maturation,- experiential levels, 
interest and attitudes, social pressures and training. It 
.w is extremely difficult to separate these factors for study •. 
2l 
Dewey says that all experiences take up something 
from those which have gone before and in some way modify the 
!!/ quality of those which come after. West states that before 
the concept that 11 air is something that has weight and occu-
pies spaceu is understood, it is useless to try to show that 
a given volume of warm air is lighter than the same volume of 
cold air. If the necessary background is lacking, the pu-
pil will not learn effectively, even though he m~ be at the 
yw.c. Croxtont uPupil • s Ability to Generalize, 11 School 
Science and Mathematics (January, 1936), 36: 627-634. 
g(tbid., PP• 627-634. 
2./ John Dewey, Experience and Education, The MacMillan Company, 
New York, 1938, P• 27. 
!!J;toe Young West, "Do We Expect Too Much or Too Littte of 
Children from Their Experiences in Science?" Science Educa-
tion (October, 1944), 33: 298. 
11 
optimum maturity lev~l ror understanding a certain concept. 
Lack or interest, or proper attitudes, inadequacy or teach-
ing methods and materials all may account for unproritable 
learning even if the maturity and experiential levels are 
adequate for learning. 
This study is designed to establish a mental age level 
for the princ;i.ple of sound. This study will indicate the 
approximate:: .. mental .age at which this principle may be taught 
effectively to children of similar abil;i.ty and background. 
(Due to the great number of factors concerned in maturation 
as noted above,-absolute values should not be expected as to 
the grade placement of this principle.) Classroom teachers 
may profit by this study as may textbook writers. 
2. Design of the Experiment 
Scope and limitations.-- The population used in this 
study was composed of seven hundred pupils from the fourth 
and sixth grades of 15 schools. The schools are a strati-
fied sampling of the school pmpulation of sev&ral New Eng-
land states. 1/ 
The Otis Quick Scoring Mental Ability Test (Beta form 
A) was used to obtain a mental age for each pupil~ 
The writer has examined two class divisions in each of 
15 schools. Fifteen were fourth grades and 15 were sixth 
grades. 
Three tests have been given to all pupils included. in 
this study. The first was the pre-test, the second was the 
1/World Book Company, Yonkers-on-the-Hudson, New York. 
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post-test,_ and the third was the retest. They were identi-
cal except that the responses of the pre-test were scramble 
., and did not appear in the same order as the responses of the 
post-test and the retest. The time-lapse between the pre-
test and the post-test was used either by the presentation 
of the lecture-demonstration or silent reading. Tbe post-
test was given within one hour of the pre-test. Strict dis-
cipline was maintained in each group in order that the 
pupils might not communicate with each other or be distract 
from the examination or the demonstration given. The demon-
stration could be easily seen by all the pupils in the 
classroom. 
Discussion of procedure.-- The first step involved the 
selection of a physical science principle to be demonstrated 
and tested. From the list of physical science principles y 
compiled by Robertson tbe principle, "sound is produced by 
vibrating material," was selected for the study. 
The demonstration.-- The second step consisted in dev 
ing seven demonstrations which illustrated facets of the 
principle, "sound is produced by vibrating material." The 
demonstration on ttsound is produced by vibrating material" 
had seven facets. These facets were simple, clear and con-
tained as nearly as possible the upurity of concept" which 
bertson, "Selection of Science Principles Suit-
of Instruction !hn the Elementary School,u 
11 =..;;'-==.;;:.,.:;;._.;::;=.;:;..:;;.;..;=o=n (April, 1935), 19: 65-70. 
-
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has been interpreted by Nichols1! to mean that the demonstra-
tion illustrates one and only one principle• In case all 
other principles could not be eliminated, they were judged 
~science seminar not to distract rrom the principle whicl 
the demonstration illustrated, and were judged not to lead 
to a misconception of the material taught. The demonstra-
tion material was decided upon and the apparatus set up and 
shown to three classrooms as a trial run. With a rew minor 
changes the demonstration was ready to be used in the select-
ed schools. For a detailed description of the demonstration 
the reader is referred to Chapter III of this study. 
,). The Test Technique 
A. Structure of the Test 
Multiple choice ___ items~-- The test is composed of 25 
multiple choice items. Each item is posed as an incomplete 
sentence, or a question, rererred to as the stem, accompaniec 
by rour responses. Of the rour responses presented to the 
examinee, one is the best response. Each response has a 
parenthesis to the lert of its number. The pupil was asked 
to place an i in the parenthesis beside the best response. 
The response items, in accordance with suggestions made by Ross~ have been grammatically consistent and are plausible 
as possible .. 
This 11best answer11 variety or the multiple choice test 
means simply that one response best refers to the stem of 
l/W.M. Nichols New and Improved Demonstrations ror Use in ~hing Scientific Principles in Ofiemistry, Unpublished · 
Master 1s Thesis, Boston University School of Education, 1950, p. 4. . 
yo. c. Ross, Measurement in Today's Schools, Prentiss-Hall, 
Inc., New York, 1947, p. 150. 
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the item. The instructions for taking the test clearly ex-
plained this to the pupil and·gave an example in which this 
was clearly illustrated. Each item provides 11 a response that y 
competent critics can agree upon as best.n The competent 
critics in this specific situation were composed of two 
groups: (1) a group of in-service science teachers, (2) a 
' group of science experts in a doctorate science seminar. 
The investigator endeavored to include three strong y 
distractors.in each item. Durost states that for a response 
to be a good distractor, it must be of such a nature as to 
be selected as many times as the correct response by a pop-
ulation which had no knowledge of the item. The investigator 
has taken great care to uma.ke all distractors plausible and 
attractive to examinees, who lack the information or ability 
~ 
tested by the item," and to "avoid highly technical dis-
!3:/ 
tractors." In reference to the multiple choice type test, 
Ode11.2/ states: 
uThey may be used to test not only knowledge 
of facts and amount of acquired information, but 
also knowledge of cause and effect relationships, 
1/R. L. Ebel and E.F. Lindquist (Editors), Educational Meas-
urement, George Banta Publishing Company, Menasha, Wisconsin, 
1951, p. 232. 
g/Walter N. Durost~ Measurements Notebook, Unpublished Mat-
erial, Boston University. 
2/R. L. Ebel and E. F. Lindquist, ~· cit., p. 234. 
~Ibid., P• 235. 
2/C. w. Odell, Traditional Examinations and New Type Tests, 
The Century Company, New York and London, 1938, p. 282. 
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ability to make comparisons, to evaluate, to apply, 
to illustrate, to define, and so forth. They 
are easier to prepare, and also to score, than some 
of the other types. - - - -- - Almost all kinds . 
of multiple answer tests can be constructed so 
that they possess practically perfect objectivity. •• 
Either tbe response is correct or not correct. The 
scorer is not confronted with the problem of partial credit. 
Levels of difficulty.-- The writer is attempting to 
determine to what probably extent application and recogni-
tion, as well as understanding of a scientific principle, 
have been gained through the demonstration activity. For 
this reason, it was necessary for the examiner to approximate 
the difficulty range of the test items which he has prepared. 
"It is well recognized that there are various levels of 11 . 
learning." If these levels of learning are to be measured, 
a testing device of various levels of difficulty must be 
constructed. The actual judgement as to difficulty must be 
left to the constructor. 
11 The use of subjective judgement in estimating 
item difficulty at the stage of item construction 
is to be encouraged. Such judgements, when based 
on all available experience, are distinctly help-
ful in leading to the construction of items of 
the deisred difficulty. "gj . 
The constructor has ample apportunity to construct the 
yw. A. Brownell·· and u. M. Sims, The Measurement of Under-
standing, Forty-rifth Yearbook, National Society for the 
Study of Education, 1946, University of Cpicago Press, Chi-
cago, Illinois, pp. 27-43. ' 
gjK. w. Vaughn and E. ·F. Lindquist (Editors) Educational 
Measurement, George Bante.:c> Publishing Company, Menasha, Wis-
consin, 1951, p. 174. 
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items of various degrees of difficulty by using more remote 
subject matter applications, or by including unusually good 
distractors in the test items. y 
Odell states in reference to good distractors: 
u - - - - - their selection (distractors) 
will depend to some extent-upon how difficult it 
is desired to make the test. Incorrect answers 
should however, never be obviously incorrect 
to a pupil who knows little or nothing of the 
matter dealt with - - - -. n 
The various levels of learning may be broken down in-
to three main categories. The first category may be that of 
learning by rote memory or simple retention. The second 
category employs enough understanding of the factual retention 
so that the learner can recognize and apply, in simple sit-
uations, the principle which he has learned. The third level 
of learning is reached when the learner can recognize and 
apply the understanding of the factual material to more 
complex, unfamiliar, and difficult situations. The teat in 
this study bas been constructed on these three lev.els of 
learning. The first third of the test is based directly on 
the demonstration. The second third requires a small amount 
.. 
of transfer and the last third requires a great deal of 
transfer and knowledge gained from the demonstration to 
nature and the pupil's environment. Thus the test can be 
said to measure three levels of understanding, all concerned 
with the same demonstration, and with the same scientific 
principle. 
1/C. w. Odell, op. cit •• p. 286. 
:1? 
Vocabulary.-- The vocabulary used throughout the study 
was consis~nt and on the same level. In this case it was 
on the level of the fourth grade. Vocabulary used on the 
test was equivalent to that used in the demonstration. This 
consistency is necessary in order for the test to be reliab~ 
The vocabulary of the test and demonstration was a-
mended after comparing it with a selected vocabulary for 
grade four. Also after the trial run the words that the 
pupils did not know were replaced with simpler words. 
The teacher was permitted to pronounce any word that any pu-
pil found too difficult. That is, the pupils were instructed 
to raise their hands if there was any word that they did 
not know. The teacher was allowed to pronounce the word 
for them. 
The test tryout.--
11After a set of test items bas been written, 
criticized by subject matter experts, and revised 
on the basis of their criticisms, it must ordinar-
ily be tried out experimentally on a sample of 
examinees • "Y 
Prior to any experimentation, the test was given a tryout 
on a total of 100 pupils of the same grade level as those 
used in the study, but who were not to be used in the exper-
iment. This study caused the elimination or revision of 
some of the items and the replacment of part of the vocabul-
ary. 
The test period.-- The length of the testing period for 
the pre-test and post-test was approximately 15 to 20 minutes 
yo. w. Odell, .21?.• .£!i., 285. 
1.8 
y 
There was no time limit for the test. Odell states that 
uon the average elementary school pupils can be expected to 
respond to three or four such exercises (multiple choice 
items) per. minute.u 
By giving sufficient time for all pupils to attempt all 
the items, the influential factor of time itself was elimin-
gj 
ated. Lindquist states: 
"The most common way of reducing or elimina-
ting the influence of time on tests is to set the 
-time limits so liberally that all or nearly all 
pupils are able to consider or attempt all the 
items in the test. 11 
Pupils were told to complete all items and were watched to 
see that they kep~ at this task until finished. 
B. Aims and Use of the Test 
Employi~ statistics.-- The test is an instrument de-
vised to obtain statistics for measuring growth of learning 
due to a specific educational experience, namely, a scienti-
fic demonstration. Every effort has been made in the construe 
tion of the test to measure as precisely as possible the "mean 
ingful learning11 that has been grasped by each pupil subjected 
to the demonstration and the test - post-test procedure. The 
only descriptions of the learning and understanding that have 
taken place are the statistics which can be applied to the 
1/C. w. Odell, ££• cit., p. 285. 
g/A. E. Traxler and E. F. Lindquist (Editors), Educational 
Measurement, George Banta Publishing Company, Menasha, Wis-
consin, 1951, p. 34o. 
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results of the tests taken by the pupils. The summaries 
of the teat results will enable educators in the field of 
science education to make general conclusions concerning 
the presentation of the particular scientific principle that 
has been demonstrated. 
The investigator, in order to test retention with the 
l experimental group, readministered the post-test as a retest 
( ..... K~he demonatratio~ The scores of the retest were matched 
against the scores of the post-test. Analysis of the data 
would indicate one of three things: (l) The pupils' learn-
ing increased over this period; (2) The pupils' learning 
remained at the same level; (3) The pupils forgot or 
failed to retain the knowledge they acquired during the 
demonstration period. 
On the day of the demonstration the writer gave 
the control group an exposition written on sound. This 
was to determine if the exposition would serve as a 11 starte.rl~ 
in motivating an interest so that the pupils would seek ad-
ditional information concerning sound. A retest of the con-
trol group would indicate one of two things: (l) that the 
exposition was ineffective as a motivating instrument as 
the pupils showed no increase over their previous scores, 
(2) that the exposition was effective as a motivating instru-
ment inasmuch as the pupils showed a significant increase in 
score. This test will be called the retest. 
20 
.v Concerning this Brownell states: 
"Altogether too commonly understandings are 
disregarded in evaluation (and in teaching) in 
favor of outcomes which are more easily measured 
(and ac bieved) • 11 
Demonstration.-- If the experimenter is to measure growth 
or learning due to some specific learning activity, he cannot 
overemphasize the importance of knowing the amount of initial 
learning with respect to understanding the principle. The 
investigator feels that this is the only feasible method 
of measuring the amount of learning due to any specific 
activity; that is, by administering identical tests before 
and after the learning activity. It is conceded, according y· 
to Ross that: 
tt - - not all the gain found can be correctly 
attributed solely to the remedial program, (the 
demonstration period). Some of it is doubtless 
due to the practice effect or to the familiarity 
with the test itself, part of it to teaching re-
ceived outside of school, and part of it .to nat-
ural growth. n 
For purposes of predicting this uprobabl~ gainn the 
investigator has made use of a control group in the experiment. 
The pupils comprising the control group were randomly sel-
ected from the total population and are statistically the same 
as the experimental group. 
What the test endeavors to determine.-- The test will 
be considered as a group of items, and each item will be 
1/W. A. Brownell and u. M. Sims, £2• ~., p. 2. 
g/c. c. Ross, £R• cit., p. 206. 
2:1 
considered as a test in itself. Any increase in scores of 
the control group on the post-test (same as the pre-teat, 
but with correct responses scrambled) may be caused by fam-
iliarity with or by external factors concerning the teat. 
The investigator has endeavored to minimize these external 
factors by the use of a control group. (See Chapter rv.) 
Assuming that the constructed test is both valid and 
reliable, statistics applied to the results emanating from 
the test will yield invaluable data in predicting at what 
mental age level this specific scientific principle can be 
presented with predictively good results. 
---:.~------------~----- -- ---
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CHAPTER II 
SURVEY OF RELATED LITERATURE 
1. Teaching by the Use of Principles 
Modern educators have generally accepted the teaching 
of science by principles rather than by extraneous collec-
tion of facts. The Thirty-first Yearbook of the National y 
Society for the Study of Education states that life enric~ 
ment, the aim of education, can beat be achieved if the 
school activities are: 
11
- - - of the kind from which ideas may be 
developed, and if ideas may in turn be associated 
into principles and generalizations that are 
woven into human experience. Functional learn-
ing is conditioned upon attainment of some such 
integration.u 
gj 
Hoban states: "Education is not simply the accretion 
of information. It involves the fundamental knowledge and 
the understanding of the basic principles of the universe, 
of which man is a part. u 
By using the inductive method of teaching, the learner 
arrives at a general conclusion. The main weakness in this 
method is that there is a possibility of too general a 
1/National Society for the Study of Education, A Program for 
Teaching Science, Thirty-first Yearbook, 1932, Part I, The 
University of Chicago Preas, Chicago, Illinois, ~. 242. 
g/Cbarlea F. Hoban, Focus on Learnin5, American Council on 
Education, Washington, D.C., 1942. p. 34. 
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conclusion, as enumeration of particulars can never be 
totaled. 
For example, after several enumerations of animals 
having four legs such as: a horse bas four legs; a dog 
bas four legs; a squirrel bas four legs; a lion has four 
legs; we might conclude that all animals have four legs. 
This is too general a conclusion, as only a small percent 
of the animal kingdom has four legs. As a mode of rea-
soning, induction is then essentially imperfect, though 
invaluable, as a means of fixing general principles and 
laws amid the succession of peculiarities given in ex-
Y perience. 
A large amount of our teaching should result in the 
pupil having the ability to see the implications of the 
laws, principles and rules that he has learned. 
y 
Holley lists the following advantages of deductive 
educative teaching: 
1. Much more simple than the inductive method 
2. Results in very desirable outcomes 
1/ R. DJ. McCall, Easier Logic, Barnes and Noble Inc., New 
York, 1947, pp. 147-149. 
g/C. E. Rolley, The Teacher's Technique, The Century Com-
pany, New York, 1924, pp. 226-229. 
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3. Introduces factors of organization. 
4. Makes meaningful the principles that have been 
mastered already. 
5· Arouses puzzle or questioning instinct, a very 
valuable aid~ 
6. Helps pupils to derive their principles from 
books or demonstration techniques. 
Several educators have emphasized the value of teaching y y 21 
science by principle. Jones, Leonelli, and Martin have 
some studies mnvolving science principles. 
There is some disagreement among educators as to what 
constitutes a principle. Heinmann defines a principle as 
!±/ 
ua statement of relationship between two or more facts." 
Wilbur's definition is much more precise and makes a 
!jJ 
: principle a very specific kind of generalization. Martin 
interprets Wilbur's definition to mean that a principle: 
j]Ruth v. Jones, A Study of the Principles of Science Found 
in Ninth Grade Textbooks of General Science, Unpublished Mas-
ter's Thesis, University of Michigan, 1946. 
g/Renato E. Leonelli, Principles of Physical and Biological 
Science for Grade Eight, Unpublished Master's Thesis, Boston 
University, 1947. 
2/W. Edgar Martin, nA Determination of the Principles of the 
Biological Sciences of Importance for General. Education," 
Science Education (March, 1945), 29~ 100-105, (April- May, 
1945), 29: 152-163. -
!J/Ailsie M. Heinmann, 11 A Study of General Science Textbooks, 11 
General Science Quarterly (November, 1928), 13: 11 • 
.2/William Edgar Martin, 11 A Chronological Survey of Research 
Studies on Principles as Objectives of Instruction in Science, 
Science Education (February, 1945), 29: 45-52. 
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11 Is stated positively and definitely. 
Is true but with rare exceptions within the 
limitations set up by the statement. 
Olearly states or implies a dynamic process or 
interaction. 
Is demonstratable experimentally. 
Is clearly not a part of a layer principle which 
can be clearly stated. 
Is not merely a definition or description. 
Has wide applic~tion in the natural environment 
and is not ruled out by any of the preceeding 
criteria. 11 
After many weeks of consideration by a seminar in y 
science teaching at the University of Michigan, Robertson 
derived the following definition of a principle: 
"To be a principle a statement must be a compre-
hensive generalization. 
It must'b~ true without exception with limit-
ations specifically stated. 
It must be a clear statement of a progress 
or an interaction. 
It must be capable of illustration so as to 
gain· conviction. 
It must not be a part of a larger principle. 
It must not be a definition. 
It must not deal with a specific substance. tt 
He also evaluated nine separate research studies 1n 
order to construct a comprehensive list of principles suit-
able as goals of instruction for elementary schools. These 
studies listed principles found in science textbooks. A jury 
of three science teachers and several subject matter spec-
ialists arranged these principles according to frequency and 
importance. One hundred twelve principles were chosen from 
a list of 243 by a jury of 15 elementary school teachers. 
1/Martin L. Robertson, "Selection of Science Principles 
Suitable as Goals of Instruction in the Elementary School," 
Science Education (February- Ap~il, 1935), 19: 1-4, 65-70. 
2G 
The p~inciple of sound used in this study was included in 
this list. 
There is considerable evidence that scientific principles 
may be taught effectively at the elementary and secondary 
]/ 
level. Freud and Cheronis gave a retest in a survey co~se 
in physical science one year after the course bad been com-
plated. They found that principles and the ability to apply 
such principles were retained much better than were unrelated 
facts. y 
Babity and Keyes conducted an experiment in two Calif-
ornia High Schools. They paired eight classes in chemistry; 
four of the classes were used as a control group and received 
standard instruction. The othe~ four classes we~e used as I 
the experimental g~oup and given d~ect and intensive training j 
on the application of principles. The test administered at 
the end of the experiment requi~ed the solution of problems 
in chemistry and the identification of scientific principles 
~elated to chemistry. The two groups were not statistic·ally 
different, and the experimental group showed superiority over 
the control g~oup. Statistically the diffe~ence was not sig-
nificant. 
1/Hen~ietta z. F~eud and N. D. Che~onis, "Retention in the 
Physical Science Survey Course," Chemical Education Journal 
(June, 194o), 18: 288-293· 
gjJ. Babity and F. c. Keyes, nAn Expe~iment in Teaching Pupils 
to Apply Scientific P~inciples, u Science E:Iucation (December, 
1939), 23: 367-370. 
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1/ 
Kilgore selected 120 students in high-school physics 
with respect to their previous experience in science courses 
and I.Q. and paired them. He found that the students were 
significantly better in making applications of principles in 
physics when the emphasis was placed on application. 
Evidence from these studies indicates that if the prin-
ciples and the applications of principles are emphasized in 
instruction, they may be attainable goals in the teaching of 
science. 
2. Lecture-Demonstration Method of Teaching 
Effectiveness of lecture-demonstration.-- The writer 
will endeavor to define and describe the term lecture-demon-
stration, and will then quote freely the written opinions of 
science educators with regard to the use of demonstrations 
in science teaching. 
gj 
Mack describes and defines a demonstration in part: 
"Inherent in the concept of demonstration is 
the factor of movement of a material thing, not 
a statio condition or display. A demonstration is 
an appeal through the senses of sight and of hear-
ing, and less frequently through the other senses. 
Results must follow the purpose: there must be 
conviction, compelling to an inescapable conclusion. 11 
1/W. A. Kilgore, nidentification of Ability to Apply Prin-
ciples of Physics, 11 Teacher • a College Contribution to Ed-
ucation, No. 84o, Columbia University, New York, 1941, P• 
34. 
g/Joseph A. Mack, "Desirable Qualities in Demonstration Ap-
paratus," School Science and Mathemat"ics: (January, 1950), 
50: 21. 
J;.. ..... 
-----
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y 
Stuit ~d Englehart express their definition of a 
lecture-demonstration as: 
11 The term lecture-demonstration is used to 
describe a method of teaching in which the teacher 
carries out a demonstration for the entire group 
and lectures in parallel with it. The students 
observe the demonstration and ask any question which 
they desire about the demonstration or theory en-
valved." 
The principles of learning should be included in any 
discussion of the use of the lecture-demonstration in sci~ 
. gj 
ence teaching. Concerning such a relation Patthoff states: 
"The use of the concrete, particularly where 
it deals with the unfamiliar, can provide an ex-
perimental basis for learning, whether that learn-
ing be remembering facts, understanding processes, 
seeing relationships, or getting an idea of how 
motor skills are executed. Direct experience, es-
pecially if it is with the unfamiliar, may motivate 
the learner, attract his attention, stimulate his 
interest, and arouse his curiosity. Demonstrations 
can be helpful also in facilitating comprehension 
of the abstract, giving reality to the spoken word, 
and reinforcing it by providing impressions through 
several sense avenues. In general, learning may 
be more meaningful, more accurate, more complete, 
and more permanent if it is based upon actual ex-
perience with that which is being studied." 
21 
Richardson and Cahoon further emphasizes the importance 
of the real or direct experiences in learning. They state 
YDewey B. Stuit and Max D. Englehart, 11 A Critical Summary 
of the Research on the Lecture-Demonstration Versus the In-
dividual Laboratory Method of Teaching High School Chemistry, tt 
Science Education (October, 1932), 16; 380. 
g/Edward F. Patthoff, "The Use of Demonstrations in Science 
Teaching, u Science Education (December, 1945), 29.; 253. 
2/Jobn s. Richardson and G.P. Cahoon, Methods and Materials 
for Teaching General and Pgysical Science, McGraw-Hill Book 
Co., New York, 1951, p. 17. 
29 
that: 
"Probably the most usual use of the demonstra-
tion is for illustrating and explaining scientific 
principles and their applications. For most students 
seeing the real thing is much more helpful than 
reading about it or looking at a picture of it. 11 
A demonstration furnishes a real experience upon which 
the teacher may build. It is most valuable whether it pre-
ce•d:es or follows activities, such as discussion, reading, y 
films, and laboratory work. Cahoon feels that demonstra-
tions can be used for providing pupil experiences in thi~­
ing. He states in part: 
"The demonstrations, laboratory experiments, 
directed studies, pupil projects, motion pictures, 
textbook statements, and pupil-teacher discussions 
are teeming with possibilities for pupil experience 
in thinking. It is largely a matter of utilizing 
these appropriately as one goes about teaching sci-
ence facts and principles to pupils. 
Like any other teaching aid or pupil activity 
a particular exercise or experience in thinking may 
or may not be appropriate to use with a particular 
class at a given time. 
A certain demonstration for one class may be 
given to help obtain a particular fact of science, 
at another time as an experience in accurate ob-
servation, at another, to utilize previous know-
ledge by predicting what will happen, at another 
as an application of a recently studied principle. u 
It'is quite evident that if the teacher performs the 
demonstration and points out what is happening and indicates 
the oondlusions which should be drawn or how it illust~ates 
a particular principle, it will furnish little experience in 
yG. P. Cahoon, "Using Demonstrations for Providing Pupil 
Experiences in Thinking,'' Science Education (October, 1946), 
30: 196. . 
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y 
the pupils' original thinking. Thinking comes along with 
the application of the principle. 
Concerning the evolution of the demonstration method of 
gj 
teaching science, Webb states: 
"The growth of the demonstration method as 
a substitute for the individual experiment was ac-
cellerated by the depression, during which time funds 
for operating the schools were much reduced. It was 
argued that if the course 1n science be given by dem-
onstrations, only one set of apparatus need by pro-
cured; whereas if it were given by student in-
dividual or group experiments a considerable num-
ber of duplicate sets must be purchased.u 
Jl 
Cunningham summarized several studies comparing the 
lecture-demonstrations versus the individual laboratory method 
in science teaching. These~studies covered a period of twenty-
five years. This field of research includes 18 Master's 
Theses and six Doctor's Studies and several other studies. 
These studies were published in such professional periodicals 
as: Journal of Educational Psycholosy, School Science and 
Mathematics, School Review, Journal of Educational Research, 
5!P.4 PennsylVania School Review. In summary he states: 
"Twenty-eight studies gave specific attention 
to the general outcome - immediate recall or imme-
diate results. Twenty gave results favoring the 
demonstration method; six favored the individual lab-
.. YJobn s. Richardson and G.l'. Cahoon, ~· cit., p. 67. 
g/Charles s. Webb, "Tbe Teaching of Advanced Science Using 
the Demonstration Method, u School Science and Mathematics, 
(January, 1938), 38: 23 • 
.2/Harry A. Cunningham, "Lecture-Demonstrations Versus In-
dividual Laboratory Method in Science Teaching - A Summary, tt 
Science Education (March, 1946), 30: 70-82. 
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oratory method; and two said there was no difference 
(between the two methods). Of the 24 studies 
that gave specific attention to delayed results, 
ten favored the demonstration method, ll the 
· individual laboratory method, and three re-
ported no difference. 
The interest stimulated in the pupils by the 
two methods was studied in the two enterprises. 
The maJority of the pupils in three (of the enter-
prises) favored the demonstration method; and in 
four (of the enterprises) favored the individual 
laboratory method. · 
All of the studies - 15 - that gave atten-
tion to the time required by each of the two methods 
reported a saving of time under the demon-stration 
method. The time saved varied from one fifth to 
one half • 11 
- y 
In the latter part of the summary Cunningham deals 
with the treatment of scientific thinking by these studies. 
He states in part: 
"Seventeen studies gave attention to one or 
more of the elements of sc~entific thinking, but 
no one undertaking made even a slight beginning 
in the study of this problem in all of its many 
aspects. The elements of the thinking process that 
were studied in some of the undertakings were as 
follows: 
Amount retained in thought work; making pro-
per conclusions to an experiment; application of 
principles learned; ability to think in terms of 
science subject; ability to follow the steps in 
scientific procedure; percent of thought questions 
answered correctly; method of attack on new problems; 
scientific attitude; ability to observe; learning 
a scientific principle; greater carry over ability; 
ability to distinguish between fact and supersti-
tion; and ability to generalize. Of the 17 studies 
that gave attention to some phases of this big and 
very important problem, 12 favored the demonstra-
tion method; four the individual laboratory method; 
and one came to the conclusion that pupils could 
learn to think equally well by either (method)." 
1/Harry A. Cunningham, £E• cit., p. 76. 
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The following comprehensive statement is part of the con-
Y 
eluding remarks made by Cunningham: 
"Our decision as to what to do in practice 
is made easier when we realize that all or our 
laboratory teaching need not - should not be done 
by one method. It is possible that we may be ig-
noring a whole continuous series of possibilities 
between these two extremes. In many cases it may 
be found best to use both methods in teaching a 
given idea in science. 11 
The studies presented in the summary of Cunningham were 
ranked according to the criteria presented in an article. by 
.Y "9 Stuit and Englehart, by Keiser as to their superior or 
inferior value. Keiser used only the first six of the seven 
criteria to determine the value of these studies. Stuit and 
Englehart set up the following seven criteria: (l) specifi-
cation of experimental factors; (2) control of pupil factors; 
(3) control of teacher factors; (4) control of general 
school factors; (5) duration of experiment; (6) measurement 
of achievement; and (7) interpretation of exper!iental ~ta. 
The writer has used the studies of Anibel, Knox, and 
1/Harry A. Cunningham, .£E.. ill·, p. 79. 
g./Dewey B. Stuit and Max D. Englehart, .2E.· cit., pp. 380-391. 
2/Louis B. Keiser, The Present Status of the Lecture-Demon-
stration Versus the Individual Laboratory Method of Teachins 
Science in the Hish School, Unpublished Master's Thesis, City 
College of New York, 1933. 
!!/Fred G. Anibel, "Comparative Effectiveness of Lecture-Dem-
onstration and Individual Laboratory Method, u Journal of 
Educational Research (May, 1926), 13: 355-365. 
5/W.w. Knox, uThe Demonstration Method Versus the Laboratory 
Method of Teaching High School Chemistry, tr· School Review . (May, 1947), 35: 376-386. 
33 
11 
Wiley, · in tbia discussion because each study is partly con-
cerned with the demonstration method versus the laboratory 
method of teaching science. y 
The study of Anibel, ranked superior, is as follows: 
uProblem: To determine scientifically through 
objective data how the results or teaching high-
school chemistry by the lecture-demonstration method 
compared with the individual laboratory method. 
Condlusions, in part: 
l. The immediate retention is as adequate 
when material is presented by the lecture-demon-
stration method as when the class is taught by 
the regular individual laboratory procedure. In-
dications are that the lecture-demonstration pro-
cedure would result in better immediate retention. 
2. The delayed retention is so little dir-
ferent that one method may be considered as good 
as the other. There was a slight indication that 
the material was better remembered when taught by 
the individual laboratory procedure. 
3. The brighter students are likely to 
profit more by the lecture-demonstration method 
than are the others .u 
21 
The study of Knox was also ranked superior. It 
is as follows: 
11 Problem: To establish the relative value 
of the demonstration and laboratory methods of 
science instruction. 
Conclusions, in part: 
1. The demonstration method is superior 
YWilliam H. Wiley, tt An Experimental Study of Met hods in 
Teaching High School Chemistry, tt Journal of Educational 
Psychology (April, 1918), 9: 181..:.1.98. ·" 
gjFred G. Anibel, .2£. cit., p. 362. 
2/W. w. Knox, .2£· cit., p. 380. 
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to the laboratory method in teaching mentally 
heterogenous groups of pupils for the purpose of 
immediate retention (and relatively permanent 
retention) of subject matter in high school chem-
istry. 
2. For the purpose of imparting to a group 
of pupils a scientific attitude and training in a 
method of attack on new problems, the demonstra-
tion method is equal, if not superior, to the 
laboratory method of instruction. 
3. From the standpoint of the coefficients 
of correlation, it appears that the demonstration 
method provides superior opportunity for adapta-
tion to individual differences in mental ability 
so far as teaching for immediate retention,de-
layed retention, and method of attack are concerned. 
4. So far as providing knowledge and method of 
attack are concerned, the laboratory method is 
slightly superior to ~he demonstration method in 
the case of the average inferior pupil. 
5. For the purpose of providing knowledge for 
both immediate retention and relatively permanent 
retention and for the purpose of providing a tech-
nique for handling new problems, the demonstration 
method is much to be preferbed to the laboratory 
method in the case of the· average superior pupil." 
. 11 
The study made by Wiley was a pioneer enterprise, 
gj 
being published in 1918. This was ranked inferior by Keiser 
because of the following factors: No mention is made of any 
21 
attempt to measure the mental abilities of the pupils; 
the tests to measure immediate and delJ~,yed r·etention were of 
doubtful validity; the method of scoring the tests was highly 
subjective; and there was no mention made of statistical 
1/William H. Wiley, .QI?.• oit., ·p. 185. 
g/Louis B. Keiser, ££• cit.~ 
2/Note the date of publication of the first group intelligence 
tests. 
. . . . . 
.~ .l .;,..;.,;...,.,..,-...:,~~ ..... -·.:.~~~- -·. 
treatment of the data found. y 
Wiley's study is as follows: 
"Problem: To determine the best of the three 
methods of teaching chemistry, the textbook reci-
tation method, the so-called lecture (demonstration) 
method, and the laboratory method. 
Conclusions, in part: 
1. There is not a great difference as is or-
dinarily supposed in the value of the three methods, 
lecture (demonstration), textbook and laboratory, 
so far as imparting knowledge is concerned. 
2. For immediate learning the textbook method 
is unquestionably superior. 
3. For permanent learning the laboratory . 
method is perhaps slightly superior. 
4. In every respect the lecture (demonstration) 
method is the least effective in imparting knowledge 
to high school students. 
5. The rate of forgetting is greatest with the 
textbook method and least with the laboratory method. 
6. The different methods show decided indi-
vidual differences, both for immediate and delayed 
reproduction. 
7. Probably a combination of the three methods 
will give the best results in teaching high school 
ohemistry. 
gf 
A summary of Stu:tt and Englehart's report which 
consisted of the oombined conclusions of various investigators, 
is as follows: 
Conclusions contending that the laboratory method is 
superior: _ 
1/William H. Wiley, ~. .£ll•, p. 192. 
g/Stuit and Englehart, ~· cit., p. 385. 
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l. There is a slight indication that materials were 
better retained when taught by the individual lab-
oratory method. Anibel. 
2. The order of preference of the methods studied 
places the individual laboratory method over the 
demonstration method. Horton. 
3. In every respect the lecture method is least effec-
tive in imparting knowledge to high school students. 
Wiley. 
~. For permanent learning the laboratory method is per-
haps slightly superior. Wiley. 
5. For providing knowledge and method of attack, the 
laboratory method is superior for the inferior pupil. 
Knox. 
Conclusions claiming that the demonstration method is 
superior:: 
l. Bright pupils are more likely to profit by the lec-
ture-demonstration method than are the others. 
Anibel. 
2. Dull pupils profit more from demonstration than from 
individual laboratory work. Carpenter. 
3. The lecture-demonstration takes less time and costs 
less. .Anibel. 
4. The teacher (demonstration) method is best. Nash 
and Phillips. 
5. Lecture-demonstration method gives better control 
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over the individual since all are under teacher 
guidance. Pugh. 
6. For purposes of providing knowledge for both imme-
diate and permanent retention and for the purpose 
of providing technique or handling of new problems, 
the demonstration method is much to be preferred 
to the laboratory method in case of average superior 
pupil. Knox. 
Oonclusions contending that the students achieved equally 
well by either method: 
l. Immediate retention is about equal in both lecture-
demonstration and individual laboratory methods. 
Anibel. 
2. There is not as great a difference as is ordinarily 
supposed in the value of the three methods, lecture, 
textbook, and laboratory; so far as imparting know-
ledge is concerned. Wiley. 
3. The results of this experiment point to the conclu-
sions that the majority of students in high school, 
laboratory-chemistry classes, taught by the demon-
stration method, succeed as well as when they per-
form the experiment individually, if success is 
measured by instruments which measure the same ab-
ilities as are measured by these tests, namely, 
specific information and ability to think in terms 
of chemistry. ~arpenter. 
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General conclusions based on evaluation o~ the reported 
research: 
After considering the above conclusions, the investigator 
has arrived at a few ideas which seem justifiable in the light 
of the evidence given in this study. 
l. , There is a possi'9ility that the pupils will en-
;' counter real problem-solving situations in their ? . ~laboratory work. This experience might serve as 
a basis for laboratory work. 
2. No method can be considered to be the best in every 
case. The objectives o~ science, the preference o~ 
the teacher~ the nature of the pupil, and the acti-
vities available will largely determine which method 
should be used. 
~ 
3. In small schools where money and space (£~- scarce, 
the lecture-demonstration method seems to be most 
practicable. 
4. The written test cannot be used to test all;,the out-
comes of a course in high school science. Some sort 
of manipulative test seems necessary to test the 
laboratory skills. 
5. The problem of the relative merits of the lecture-
demonstration and individual laboratory methods still 
seems unsolved and as complex as ever. More c~e-
ful experimentation, involving control of non~exper­
imental factors and reliable testing are needed in 
39 
order to justify any definite and final conclusions 
When experimentation has shown the relative super-
iorities of the methods in terms of outcomes, the 
methods should be evaluated in terms of the values 
attached to these outcomes. 
Smith1 s1/ study indicates the evolution of teaching 
methods pa»ticularly by the visual method of teaching. The 
visual method has long been considered by educators as one ~ 
the most valuable methods of teaching. In the present day t~ 
visual method of teaching in all stages of learning has long 
been recognized by leading educators as one of the most val-
uable ways of training pupils in all stages of learning. The 
alert teacher and administrator are constantly seeking ways 
t.o place the pupils as near realia as is possible in their 
learning experiences. No method will be overlookgJ 
can provide both clarity and simplicity combined. 
Smit~ states his problem in this manner: 
if' it 
ul. What is the real effectiveness in ninth 
grade general science classes of experimental dem-
onstrations performed by the teacher and equivalent 
demonstrations presented through in the medium of 
educational sound motion pictures. 
2. The determination of the relative effec-
tiveness of these two instructional techniques 
with pupils of different levels of intelligence." 
In the plan presented three methods of teaching were 
1/Herbert A. Smith, . "A Determination of the Relative Effect-
iveness of Sound Motion Pictures and Equivalent Teacher 
Demonstration in Ninth Grade General Science," Science 
Educat~on (April, 1949), 33: 214-221. 
g/Paul Arthur, Lecture-Demonstrations in General Chemistry, 
McGraw-Hill Book Co., New York, 1939, pp. 2-4 • 
.2/Herbert A. Bmith, £2.• cit., pp. 214-215. 
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presented: (1) teacher demonstration, (2) use of films, and 
(3) a combination of teacher demonstrations and the use of 
films. The conclusions are as follows: 
1. Educational sound motion pictures and teacher demon-
strations are of equal merit as instructive devices 
in ninth grade general science when they include 
essentially the same materials in so far as merit 
can be determined by the technique employed in this 
investigation. The use of either method alone is 
as effective as a combination of the two. 
2. There is a tendency for increased intelligence as 
expressed in terms of an intelligence quotient to 
be accompanied by increased learning where learning 
is represented by the gain of final ove~ initial 
test scores on the objective tests usea in this in-
vestigation. The degree of relationship is indep-
endent of the method of instruction utilized indica-
ting the same relative value for sound motion pic-
tures and teacher demonstration portraying essentially 
identical materials regardless of the level.of in-
telligence of the students. 
There are certain presumptions that are alike· between y gj 
Smith's study and the study of Croxton. Smiit-h stated his 
Y~erbert A. Smith, £m• cit., pp. ·214-221. 
gjw. c. Croxton, upupil's Ability to Generalize,u School 
Science and Mathematics (June, 1936), 36: 627-634. 
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problem thus: 11 Is the failure of children to generalize due 
primarily to lack of power or tendency, or is it simply due 
to wa.ut of sufficient experience - - - - 1 11 
11 Croxton's technique is similar to the one used in this 
/ 
study. H~ tested the pupil•s ability to formulate and apply 
a principle after eight minutes exposure to a demonstration 
or directed play. The investigator used 15 minutes of demon-
stration in this study. Croxton summarizes his study as 
follows: 
n1.- The data indicate that many children in 
tbe higher primary, the intermediate, and the junior-
high school grades are capable of generalizing. 
2. While the experiments do not prove that 
most pupils in the kindergarten and lower primary 
grades could not generalize if a more adequate ex-
perience basis was provided, the data together 
with the evident obsession manifested by these 
children for obtaining emotional satisfaction do 
suggest that early childhood is preeminently a 
period for satisfying reactions. 
3· There is little in these experiments to 
suggest that junior high school pupils possess marked-
ly superior ability to generalize than intermediate 
grade pupils possess; the difference of the scores 
being little more than might be credited to added 
experiences." 
In summary of the research and studies on the value and 
the effectiveness of the lecture-demonstration as compared 
to other means of teaching science, it may be concluded that 
the lecture-demonstration method is equal to, if not better 
tbah, any other method ~or science teaching. It involves 
the direct experience of the pupil, the pupils get experience 
1/W. C. Croxton, ~· cit., pp. 634. 
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in thinking. They may utilize the senses. They have an 
opportunity to apply scientific principles, and to increase 
their ability to generalize. 
3. Criteria for a Good Demonstration 
Statement of the problem.-- In developing a list of cri-
teria for a good demonstration there are two problems involved 
(l) to define "demonstration" as it is to be used in this 
experiment (2) to evolve, through reference to the litera-
ture, ·the criteria. 
Need for research.-- If we are to use the demonstration 
method in this experiment, it is best that we should clarify 
the mean~ of the term demonstration methode 
·Noll has already shown that investigators seldom de-
fine teaching methods carefully and minutely enough. Various 
writers have recognized the need in research for more accurate 
gj 
definition of terms. Riedel has made a pl~a for a clear 
definition of teaching methods and experimental procedure. jJ 
Mack feels that for each author who is treating the sub-
ject, there is a different definition of .. demonstration." 
1/Victor H. Noll, The Teaching of Science in Elementary and 
Secondary Schools, Longrems and Green and Company, London 
and Toronto, 1939, . ·p. 63. 
gjF. A. Riedel, uWhat if Anything Has Been Proved as to the 
Relative Effectiveness of the Demonstration and Laboratory 
Methods in Science?n School Science and Mathematics (May, 
1927), 27: 513. 
j/Joseph A. Mack, "Desirable Qualities· in Demonstration Ap-
paratus, n School Science and Mathematics (January, 1950), 
50: 21. 
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Preston agrees with the above educators and calls ~or 
olari~ication and uni~ication in terminology. 
The research done on the demonstration method ~ails 
to distinguish between the lecture-demonstration, the class 
gj 
experiment, and the illustrated lecture. Preston says 
that much o~ the success o~ the lecture-demonstration is due 
to its actually being a class experiments. 
De~inition o~ demonstration.-- The demonstration used by 
the writer ~or this experiment is actually a lecture-demon-
stration on the principle, "sound is produced by vibrating 
material." Re~erence to the literature may help to clari~y 
21 
the meaning. The Dictionary o~ Education de~ines a "demon-
strati on· u as: 
lf(l) The method or process o~ presenting or 
establishing ~acts; (2) the procedure o~ doing 
something in the presence o~ others either ~or 
means o~ showing them how to do it themselves or 
in order to teach a principle.u 
!:!/ 
This dictionary de~ines tbe lecture-demonstration as: 
u An instructional procedure in which the ver-
bal message is accompanied by use o~ apparatus to 
illustrate principles, determine or veri~y ~acts, 
clarify different parts, or test for Qomprehen-
sion of material under discussion.u 
ycarleton E. Preston, "Is the Debate in Common Terms, 11 
Science Education (February, 1935), 19: 14-16. 
g/Ibid., pp. 18-24. 
2/Carter v. Good (Editor), Phi-Delta Kappa, Dictionary of 
Education, McGraw-Hill Book Company, Inc., New York, 1945, 
p. 124. 
~Ibid., p. 138. 
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Preston differentiates between the lecture-demonstra-
tion and the class experiment thus: 
"In true lecture-demonstration the teacher 
shows everything, explaining or interpreting each 
point as be, or some pupil, performs the work. 
In true class experimentation the teacher endea-
vors, by well directed questions, to get the 
members of the class to observe or come to con-
clusions themselves as to the proper interpre-
tation, and perhaps to plan further steps or pro-
cedures. Thus, in the lecture-demonstration the 
flow of information and explanation is from teacher 
to pupils; in the class experiment it is exactly 
the opposite .n 
gj 
Preston further states that in the lecture-demonstra-
tion uno questions interrupt the speaker and he asks his 
audience none, other than for rhetorical effect." 
21 
The Encyclopedia of Modern Education distinguishes 
between the lecture-demonstration and the illustrated lecture 
thus: 
nThe lecture-demonstration differs from the 
illustrated lecture in that the latter focuses 
attention on the screen and shows the relation-
ships by means of pictures, slides, moving pic-
tures or specimens while the lecture-demonstration 
focuses attention on the lecturer who shows the 
relationships through the use of manipulation of 
physical material, machines or appliances. tt 
The definition of the term ttdemonstration 11 is further 
1/Carleton E. Preston, The High School Science Teacher and 
His Work, McGraw-Hill Book Company, Inc., New York and Lon-
don, 1936, pp. 192-193. · 
g/Carleton E. Preston, ttis the Debate in Common Terms,n 
Science Education~. (February, 1935), 19: 14-16. 
2/Harry N. Rivlin, Encyclopedia of Modern Education, The 
Philosophical Library of New York City, New York, 1943, 
p. 452. . 
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expanded by Mack. n Inherent in the concept of' demonstra-
tion is the f'actor of movement of' material things, not a 
gj 
static condition or a display • 11 Mack excludes f'rom the 
demonstration procedure certain standard teaching materials 
due to the so-called dynamic quality of' the demonstration. 
uObjects, unless they can be operated - - -
s·o also, specimens, samples and parts - - - like-
wise models, as such, are barred unless they are 
working models, or also miniatures and enlar-gements .u 
Micro-projection techniques are being used more often 
21 
of' late in l·ieu of' demonstration work. This method, it 
seems, should also be excluded on the same basis as the 
other visual aids. 
!if 
Mack states that the demonstration is "an appeal 
through the senses of sight and hearing and less frequently 
through the other senses .n He advocates the exclusion of' 
demonstration work materials that appeal to only one sense; 
such as, pictures, charts, recordings, transparencies and 
radio productions. 
Certain characteristics of the demonstration have been 
determined. These are: 
1 •. It dif'fers f'rom the class experiment. 
1/Joseph A • .Mack, .QE• cit., p. 21 .. 
g/Ibid., p .. 21 • 
.2/Mary A. Ott, uMicrotecbnique for Projection Demonstration 
in General Science, 11 School Science and Mathematics (Jan-
uary, 1946), 46: 68-73. 
~Joseph A. Mack, .QE• cit., p. 21. 
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2. It differs from the illustrated lecture. 
3. It is the best method by which to teach principles. 
4. It is an instructional procedure. 
5. It is an appeal tbrough two senses, ?.ight and hear-
·ing. 
6. Movement and action are essential. 
Review of the ~iterature.-- It was necessary to review 
related literature to establish those basia principles which 
might be used as a guide in teaching by the lecture-demon-
stration method. 
A search was made to see if anyone in the past had made 
any study that was similar to this study. The references y 
were taken from the Bibliographic Index. It was found 
that several research studies had been made listing criteria 
relatea to demonstrations. However, only one st~dy was 
similar to this one. This was one made by Mack. He endeav-
ored to develop a check list of desirable qualities of dem-
onstration apparatus. Much of his research had to be dup-
licated in this review, but f'or a different purpose than his; 
thereby, necessitating more complete descriptive statements. 
The working bibliography consisted of five types o:f' 
sources: (l) Science textbooks, (2) Professional journals 
and science publications, (3) Audio-visual texts, (4) Method-
YTurrel, Virginia (Editor), A Cumulative Bibliography o:f' 
Bibliographies, H.W. Wilson Company, New York. 
g/Joseph A. Mack, ~· cit., PP• 19-31. 
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ology textbooks, and (5) Books on experiments. The follow-
ing reference books were used: Encyclopedia of Bibliogra-
phies and Summaries in Education, International Index, 
Ulvich's Periodical Director, Vertical File Service, and 
The Education Index. 
There was great variety in the nature of the materials 
covered which included such items as: 
1. Desirable characteristics. 
2. Points to keep in mind. 
3. Steps to foll~w. 
4. Desirable qualities~ 
5. Rules for demonstrating~ 
6. Criteria, 
1· How to make an effective demonstration~ 
8. General discussions o:r the demonstration method .• 
As many elementary schools do not include science in 
their curriculum, most of the research covered was at the 
upper elementary, junior high, and secondary level. However, 
it brought out the characteristics of a good demonstration, 
11 
which should hold true at any grade level. Cahoon emphas-
izes only visibility and the size o:r the apparatus. He also 
indicates certain steps to be taken to insure effectiveness. 
gj 
Colvin presents three cautions to be observed in class 
yG. P. Cahoon, nusing Demonstrations 'for Providing Pupil 
Experiences in Thinking, u Science Educationt .· (October, 1946), 
30: 196-201. 
g/Stephen S. Colvin, An Introduction to High School Teaching, 
The MacMillan Company, New York, 1924, Chapter 12. 
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.v demonstrations. Potthoff contributes many excellent ideas. 
He offers several suggestions for performing effective dem-
gj 
onstrations. Davidson mentions several rules to follow 
21 in demonstrating. Radestrau made an extensive study of 
the lecture-demonstration. He touched on six different as-
Y peats of a good demonstration. Billinger lists five re-
.2/ quirements for a successful demonstration. Murray edited 
a group thesis. In this thesis was listed five criteria §/ 
for a demonstration developed in a seminar. Holley suggests 
seven things to do to insure a successful demonstration. 
1.1 
Heiss discusses seven excellent rules for demonstrating. §/ 
Dale suggests fourteen observations for improving demon-
strations and eleven questions for evaluating them. 
YEdward F. Potthoff, uThe Use of Demonstration in Science 
Teaching, 11 Science Education (December, 1945), 29: 253-255. 
gjH. F. Davidson, "The Art of Lecture Table Demonstration," 
Journal of Chemical Education (June, 1927), 2; 443-7· _ 
.2/Norris w. Ra.kestrau, "The Function and Limitations of Lec-
ture Demonstration," Journal of Chemical Education (November, 
1929), 6: 1882-1886. 
,YR. D. Billinger, nLecture Demonstration Experiments," Jour-
nal of Chemical Education (august, 1937), 14: 375-77• ----
5/Cha.lmers Murray (Editor), ~and Improved Demonstrations, 
Each Illustrating a Single Science Principle, Unpublished 
Master's Thesis, Boston University, 1950. 
2/Charles E. Holley, High School Teachers' Methods, The Gar-
rard Press, Champaigns, Illinois, 1937, p. 229. 
1/Elwood D. Heiss, Charles W'. Hoffman and Ellsworth S. Os-
bourn, Modern Methods and Materials for Teaching Science, The 
MacMillan Company, New York, 1950, p. 229. 
§/Edgar Dale, Audio-Visual Methods of Teachins, The Dryden 
Press, New York, 1946, pp. 125-130. 
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Haas lists ten steps to be completed before the demonstra-
tion and five suggestions for conducting it. Richardson and y 
Cahoon list five criteria for a good demonstation. Sel-
2/ 
bert lists 16 common errors in demonstration techniques 
and offers an excellent plan to follow in doing classroom 
!!/ demonstrations. Coyle stresses visibility for every pupil. 
~ 
Hitchcock places emphasis on action as thEFessential qual-
§/ 
ity of a good demonstration. Duff makes a systematic 
listing. He enumerates nine desirable qualities in demon-
stration experiments. 
The criteria for a good demonstration selected from 
the preceding research is as follows: 
1. The demonstration shduld illustrate a bas~c prin-
c1pl.e. 
yK.B. Haasi 11 The Demonstration and Field Trip as Training 
Techniques, 1 Business Education World (February, 1951), 
31: 291-293. 
g/Jobn s. Richardson and G.P. Cahoon, Me~hods and Materials 
for Teaching General and P~ysical Science, McGraw-HiLL Book 
Company, Inc., New York, Toronto and London, 1951. 
2/Edith M. Selbert, 11 A Plan for Developing Better TechiJ.iQues 
in Giving Science Demonstrations," Science Education (October, 
1932), 16: 417-420. 
!!/J. P. Coyle, E.G. Hansen and R.B. Coe, "Demonstrations Made 
More Visable, u Chicago School Journal (November, 1941), 
23: 64-8 • 
..2/Richard C. Hitchcock, n I Like Action in Physics Demonstra-
tions, n School Science and :Mathematics (December, 1941), 
41: 832-839· 
§/A. W. Duff, 11 Desirable Q,uali ties in Demonstrating· E.x:peri-
ments,11 School Science and Mathematics (November, 1928), 
28: 857. 
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2. The demonstration should illustrate ~ princip~e 
only as far as possible. 
3. The action of the demonstration should be clearly 
visible and audible to all. 
a. Remove all the audio-visual distractions. 
b. Make sure the lighting facilities are adequate. 
c. Adjust shades so pupils can see from all parts 
of the room. 
d. If necessary rearrange the seating so that every-
one has an unobstructed view. 
e. Be sure that those with poor hearing and vision 
are seated appropriately. 
f. Place demonstration table in beat position for 
all to see from all angles. 
4. The apparatus should be on a large scale. 
5. The demonstration should work: It should be as 
infallible as possible. 
a. Apparatus should be in sound working condition. 
b. Apparatus should be as simple as possible. 
(1) Simplicity of operation 
(2) As few parts as possible 
(3) Avoid crowding, overlapping and masking 
of the parts. 
c. The demonstration should be rehearsed in advance. 
6. The demonstration should be simple and the speed of 
action suitable. 
~o~~cc UfiJ\Mr~J~Y 
&&.beel ~1 J:!.c;.:Jtee.:;. l c ' 
·- ~. J.,ibrDr': 
5:1 
a. Talk while you work. 
(1) Emphasize the main points. 
(2) Keep summarizing as you go along. 
( 3) Do not ..b.urr.y or drag. 
b. Use a simple vocabulary. 
7. The ·demonstration should be dynamic. 
8. A slight dramatic element is sometimes useful. 
9. An element of the unexpected is sometimes effective. 
10. Apparatus should be of easily available and inex-
pensive material. 
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OHAPTER III 
RESEARCH PROCEDURE 
After having secured :permission from the school super-
intendents to do research in their .schools, the investiganor 
telephoned each :principal and arranged a convenient date 
to visit his school. 
Classroom technique.-- Upon arrival at the school the· 
:principal introduced the investigator to the fourth and sixth 
grade teachers. These teachers were briefed on how they 
might assist in the testing procedure. They were asked to 
work with their own classes. The investigator felt that 
this was necessary in order to eliminate any influencing fac-
tor that might originate out of' the :pupils' receiving instruc-
tions from someone strange to them. 
The investigator talked to the fourth grade for a short 
while to establish rapport. The test was explained as a 
game. The :pupils were asked if they would assist the inves-
tigator with the study. In all cases the pupils were very 
cooperative. The fourth-grade :pupils then took the pre-test 
(15 minutes). The investigator felt that the procedure would 
be accelerated if the fourth-grade :pupils were started on 
the :pre-test first, due to their slower rate of reading. 
The investigator went to the sixth grade room and was 
introduced by the teacher to the :pupils. After a short talk 
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I to establ'ish rapport, the sixth-grade pupils took the same 
pre-test. 
After the fourth grade pupils had completed the test, 
they were separated into two equal groups. This was accom-
plished by a random number previously having been placed on 
each pre-test paper. These two-digit numbers were selected 
from a list of random numbers constructed by Peatmon.1/ Each 
pupil with a zero as the right digit of the number on his 
test paper was asked to stand. They were asked to remain 
standing until they were told to be seated. All those with 
a one as the right digit of the number on their teat papers, 
were given similar instructions. This procedure continued 
using two, three, four, five and so fonth, until one half the 
class was standing. If the last figure c~lled caused more 
than one half the class to stand, the investigator started 
the same procedure with the figure at the left of the two-
digit number. Only now this calling applied to those stand-
ing. If they bad the figure called, they sat down. This 
procedure was successful in every case where it was necessar.r 
to have someone sit down. (In the first class which had an 
odd number of pupils, the odd pupil was placed in the experi-
mental group. The next time this situation occurred, the odd 
pupil was placed in the control group.) One half of the fourtl 
grade was now standing. This group was designated as the 
l/Jobn Gray Peatmon, Descriptive and Sampling Statistics, 
Harper, New York, 1947, p. 520. 
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experimental group. The group that was seated was designated 
as the control group. 
The sixth-grade pupils were separated into two groups 
in the manner described above. The sixth-grade control 
group went to the fourth-grade room. The fourth-grade ex-
perimental group went to the sixth-grade room. The experi-
mental group was therefore in the sixth-grade room. The con-
trol group was therefore in the fourth-grade room. 
It was necessary to keep to a minimum all external fac-
tors that might influence the outcome of the experiment. 
Therefore, all demonstration equipment, up to this stage of 
the procedure, was kept out of sight of the pupils. 
The control group was given some graded (primary and y 
intermediate) science booklets. These booklets had been 
strictly censored for anything related to sound. The pupils 
were told that they might read the booklets. 
Th~ investigator then set up the demonstration equip-
ment in the sixth-grade room, and gave a lecture-demonstration 
on the principle, "sound is produced by vibrating material." 
The demonstration will be explained in detail later in this 
chapter. 
At the conclusion of the lecture-demonstration, the ex-
perimental group took the post-test. The control·group took 
the same post-test at the same time in the fourth-grade room. 
1/Bertha Morris Parker, The Basic Science Education Series 
(Un~text}, Row, PetAr~on and Company, Evanston, Illinois, 1948. 
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The post-test was the same as the pre-test with the responses 
to each item scrambled. 
For the purpos.e of collecting data for the study the 
experiment was completed at this stage. However, it was 
felt that the control. group should be given a demonstration 
of some type, so as to prevent the feeling that they had 
been neglected. The control group was given a lecture-dem-
onstration on the expansion and contraction of solids. 
The control group was given a written exposition on 
ttsound is produced by vibrating materials.u They were per-
mitted to keep these. The investigator felt that this ex-
position might serve as a motivating device to create an 
interest in "sound is produced by vibrating material11 to the 
extent that the pupils might further investigate this prin-
ciple on their own initiative. 
The demonstration.-- The demonstration was separated 
into seven facets. Below is a detailed description of each 
facet. 
Facet number one.-- This consisted of a tuning fork, 
piece of chalk, and a string. The pupils were shown that if 
the prongs of the tuning fork were not moving, no sound was 
produced. The prongs of the tuning fork were then caused to 
vibrate, and the pupils could hear the sound produced. It 
was explained that sometimes material vibrated so fast that 
the movement could not be seen with the natural eye. This 
was demonstrated by causing the prongs of the tuning fork to 
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vibrate slightly; no movement of the prongs could be seen. 
One prong of the tuning fork was then placed against a piece 
of chalk suspended by a strmng. The chalk was continually 
bounced away from the prong of the tuning fork. With the 
prongs of the tuning fork not in motion, they were touched 
to the surface of water in a glass. There was no reaction. 
The prongs were then caused, to vibrate slightly. The prongs 
were again touched to the surface of the water. There was 
a splash of water. This indicated that the prongs were vi-
brating. 
Facet number two.-- This consisted of a home-made drum 
and some"Hice Orispies." The head of the drum was made of 
rubber. When the rubber was struck with a pencil, it pro-
duced a sound. The pupils were shown that the sound pro-
duced was caused by the rubber mOving in and out (vibrating). 
It was shown that when the rubber was still there was no 
sound. 11Rice Orispiesfl were then placed on the rubber and 
the rubber was struck lightly with a pencil. The pupils 
could see the 11Rice Crispies n jumping up and down. 
Facet number three.-- This consisted of a hollow box 
with a steel wire drawn tight over a bridge and attached to 
each end of the box. When the wire was not vibrating, there 
was no sound produced. When the investigator plucked the 
wire, a sound was produced. 
Facet number four.-- This consisted of two pieces of 
wood one eighth of an inch thick, one inch wide and one foot 
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long, and a two foot piece of 20 pound tested fishing line. 
One piece of wood was attached to each end of the line. 
One of the pieces of wood was held in the hand and the other 
twirled above· the head. The pupils were shown that if the 
twirling piece of wood could be caused to spin on its own 
axis, a sound would be produced. If the twirling piece 
of wood did not spin on its axis, then no sound was produced. 
Facet number five.-- This consisted of a piece of 
sheet tin, ten inches wide and 14 inches long. If this 
piece of tin was still,no sound was produced. If the piece 
of tin was caused to vibrate, a sound was produced. 
~t number six.-- This consisted of having the pupils 
place one hand against their throats and say, 11Good morning, 
teacher. 11 They felt something moving in their throats. The 
pupils were then asked to note that when they stopped talking, 
the movement ceased. 
Facet number seven.-- This consisted of having the 
pupils whistle. They were shown that this sound was pro-
duced by air being forced through their lips and causing 
them to vibrate. It was explained that sometimes this 
vibration was so fast that they were not conscious of it. 
All of the above facets demonstrated the fact that "sound 
is produced by vibrating material. 11 It was illustrated 
that where there was no movement, there was no sound produced. 
After the demonstration and post-test had be en completed, 
the pupils were given permission to ask questions. The 
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investigator feels that if a pupil bas any intelligent 
question, it should be answered. y 
The Otis test.-- Copies of the Otis-Quick-Scoring Mental 
Ability Test (Beta form A) were left with the teacher to 
be administered the day following the lecture-demonstration. 
The test papers were mailed to the investigator. This test 
was necessary in order to get up-to-date intelligence quo-
tients and mental ages for each pupil. 
The retest.-- Copies of the post-test were left with 
the teacher. Instructions were given to the teacher to ad-
minister these post-tests three to four weeks from the date 
of the lecture-demonstration. The tests were given and the 
papers mailed to the investigator. The data from this retest 
were used to measure retention in the experimental group. 
The data might also determine if the exposition on usound is 
produced by vibrating materialf1 stimulated any individual 
research on the part of the pupils of the control group. 
1/Artbur s. Otis, ·-~t.Ot~~:-.Quick-Scoring Mental Ability Test, 11 ~' 
World Book Co., Yonkers-on-Hudson, New York. 
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CHAPTER IV 
EVALUATION TECHNIQUES 
1. Introduction 
Since this study is divided into two pa~ts, it is 
necessary to present the findings separatell'. The first 
part is concerned wi tb. the grade placement· c f the physical 
science principle, "sound is produced by vitrating material." 
1 
The second part is concerned with the motive1tion and reten- I 
tion of learning. 
2. Analysis of Data Pertaining to the Physical 
Science Principle, ''Sound is Produced by Vib-
rating Materialtt 
Sampling theorz.-- Most educational an< psychological 
studies are sampling studies. This means tlat measurements 
or observations are made of' a limited numbei of individuals 
selected in such a manner that they are sup1osed to repre-
/ 11 
sent the total population from which they ~e selected. 
Y/ Concerning errors in sampling, Lindquist Jurther states: 
uBecause the individuals comprisi any of 
these populations differ from one .anotier, and 
1/E. F. Lindquist, A First Course in Statistics, 
Mifflin Company, The Riverside Press, 
setts, 1942, Po 102. 
--~~---
Houghton 
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because chance or uncontrolled influences al-
ways play some part in determining which of these 
differing individuals are to constitute the sample 
used, any single fact obtained from a sample (such 
as a mean, median, percentile, standard deviation, 
ect.) is almost cebtain to differ by some amount 
from the correspondin* fact for the whole popula-
tion. Such "obtained' facts, therefore, may 
never be accepted at their face value as exactly 
descriptive of the population involved, but must 
always be considered as only approximations to or 
as estimates of the corresponding ''true" facts. 
In order that any such obtained facts may be pro-
perly interpreted, then, we need to know how 
ugood" an estimate it is of the corresponding fact 
for the whole population; that is, we need to have 
some description of the dependability or reliability 
of the estimate and must qualify accordingly an~ 
generalization based upon it.u 
Three population areas, urban, urban fringe and rural, 
previously described were sampled for this study. The 
Otis Quick Scoring Mental Ability test (Beta Form A) was 
administered to the total sample. The data collected from 
these samples were used for the selection of those cases 
from the sample which were included in this study. The in-
vestigator endeavored to establish a population for this 
study that would be representative of typical classrooms. 
Since the mental ages of the testees on the Otis test are 
derived from the raw scores of the test, it was decided to· 
use the raw scores in establishing the "normality" of the 
group selected. Three methods were considered. 
First, the original plan was to choose groups that were 
representative of modal mental ages for fourth and sixth 
grades. Theoretically fourth grades should have a modal 
mental age from nine years and no months to ten years and no 
61. 
mont~, and the sixth grade should have a modal mental age 
from eleven years, no months to twelve years, no months. 
Tbe observed mental ages of the sample from all areas 
varied so widely about the expected mental age that only 
ten percent of the sample satisfied this criterion; conse-
quently, this method was discarded on the evidence that 
it would not represent the actual conditions found in a 
typical class. 
Tbe second method investigated was to select the mid-
fifty percent of the total cases for each grade for the 
three population areas. (See Table l.) 
The third method was the arbitrary selection of the 
mid-eighty percent of the total cases in each population 
area. 
The choice of one of these methods was to depend on the 
performance on the pre-test on the principle, 11 sound is pro-
duced by vibrating material. u 
The investigator now compared the performance on the 
pre-test, "sound is produced by vibrating material,n of the 
mid-fifty percent group to the performance of the mid-eighty 
percent group on the same pre-~est. (See Table 1.) 
The difference between the means and standard deviations y 
was not significant. According to Read, 11 It should be 
1/John G. Read, Measuring with a Non-Verbal Picture-Test 9 the 
Ability to Recognize and Classify Some Objects and Situations, 
Associated with the Physical Science Environment, Doctor's 
Disertation, Boston University, 1946, p. 31. 
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Table 1. Performance on Pre-test on Sound by Methods for Fourth 
and Sixth Grades Population Areas 
Urban Urban Frin~e Rural Total Gr. Methods N M a- N M cr N M (} N M o-
I ( l) (2) (3) I( 4) (5) (6) 1(7) {8} (9) ( 10} (ll} (12)) ( 13) (14) 
Modal 
Mental 35 12.7 2.6 30 13.5 3.2 39 11.9 3.6 104 12.7 3.1 
Age 
Mid 
50 67 12.4 3.2 67 13.7 3.6 90 11.4 3.4 224 12.6 3.4 
4 Percent 
Mid 
80 114 12.2 3.5 97 13.7 3.3 l4o 11.5 3.7 351 12.5 3.5 
:Percent 
Modal 
Mental 16 15.7 2.2 17 14.9 2.4 19 15.4 2.4 52 15.3 2.3 
AP;e 
Mid 
50 69 14.6 2.6 61 15.7 2.8 64 14.9 2.2 194 15.2 2.5 
6 :Percent 
Mid 
80 
:Percent 106 14.2 2.8 102 16.1 2.2 108 14.9 2.9 308 15.2 2.97 
Note: Data presented in above table based on the original 
test of 25 items. 
stressed again that populations are like or unlike each other 
depending on two cbaracteristics, their means, and standard 
dev lations - -. 11 Based on the findings above, it was decided 
to use the mid-eighty percent method, because it included a 
larger number of cases. 
Mental age levels.-- Since the modal mental age method was 
discarded, the investigator felt that some information concern-
ing the mental ages of the pupils was needed. Tables lA, lB.; a.nd 
10~; were constructed in order to show the performance of the 
pupils on the sound test by mental age groups. A score of 13 
was considered as mastery of the test. 
A table was constructed to show the performance of' the 
control group on the sound te~t. (See Table lA) Nine pupils 
from the urban area, 44 pupils from the urban fringe area a.nd 
18 pupils from the rural area indicated mastery of' the test. 
Thes_e 71 pupils bad a median score of 13 or ab'ove. Those pup-
ils s~oring lower than seven may or may not have any knowledge 
related to the test, but those pupils having a median score 
between seven and 13 indicate that they possess some knowledge 
related to the test. 
Table lEwas constructed to show how the pupils of the 
experimental group performed on the test after they bad exper-
ienced the learning situation. Fif'ty-two pupils from the urban 
area, 59 pupils from the urban fringe area and 24 pupils from 
the rural area indicated mastery of' the test. These 135 pup-
ils had a median score of 13 or above. Those pupils having a 
median score between seven and 13 indicated that they had some 
knowledge of' the test. Due to errors in' measurement, it is 
possible for a pupil to score any where from one to seven on 
this test by chance. Therefore, any score below seven indi-
cated a small amount or no knowledge related to the test. 
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Table lA. Performance of Different Mental .Age Groups on Test 
on Sound for the C::ontrol Population 
Mental 
Age Urban Urban Rural 
Ranges Fringe 
-- --
N Median IQID N Median IQR~: N Median IQR 
Score s·oore Score 
(l) (2)'1 (3) (4) ( 5) (6) (7) 1(8) (9) (10) 
17-18 .ffol 14 14 
16-17 *1 15 15 
15-16 5 11 11-14 9 13 ll-15 3 14 13-14 
14-15 4 13 12-14 8 ll 9-14 8 14 12-14 
13-14 7 12 ll-13 10 12 ll-14 7 13 12-14 
12-13 18 12 9-13 9 13 12-13 5 12 19-13 
11-12 19 11 10-12 28 ll l0-13 22 ll ll-13 
lO-ll 19 lQ 8-12 24 13 10-14 22 9 8-13 
9-10 22 9 7-ll 14 10 7-12 27 9- 8-11 
8-9 . 26 8 5-10 8 10 6-ll 27 6 5-9 
'7-8 9 .7 4-8 7 8 6-10 11 6 5-8 
Total 129 119 132 
--
* There was only one pupil with a mental age at each of 
these levels, therefore the investigator listed the raw 
score of the f!Ob.b:d 'eest. 
N = Number of population in sample 
IQR = Inter-quartile range 
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Table 1B4 Performance of Different Mental Age Groups on Test 
on Sound for the Experimental Population 
Mental 
Age Urban Urban Rural 
Ranges Fringe 
N Median IQR N Median IQR N Median IQR=-
Score Score Score 
(l) (21 l3) _( 4] 1(5) ( 6) . (7) 1(8) (9) ( lO) 
17-18 l 16 16 *l 17 17 
16-17 4"1 17 17 
15-16 3 15 15-16 6 15 14-16 3 15 15-15 14-15 ll 15 12-16 ll 14 12-16 7 15 15...;17 
13-14 lO 14 ll-15 7 14 13-15 4 15 15-16 
12-13 14 13 12-15 12 14 13-15 10 13 12-14 
ll-12 13 13 13-14 21 13 13-14 17 12 ll-14 
lO-ll 26 12 ll-14 25 12 lO-ll 26 12 8-13 
9-10 22 lO 7-12 22 11 l0-13 27 n 9-12 
8-9 20 8 5-10 15 8 6-ll 23 8 7-ll 
7-8 ll 7 6-8 7 7 5-9 18 9 5-9 
Total 131 128 135 
* There was only one pupil with a mental age at each of . 
these levels, therefore the investigator listed the raw 
score of the abll'nd 'test. 
T 66 
Table 10. Performance of Different Mental 
Age Groups on Test on Sound for 
Total Population 
Mental 
Age E:xperim.ental Control 
Ranges Group Group 
N Median IQR N Median IQR. 
Score Score 
-( l) (2) {3) (4) (5} (6) (7) 
17-18 2 *16-17 16-17 l 14 14 
16-17 l **17 17 l 15 15 
15-16 12 15 14-16 17 13 ll-15 
14-15 29 15 12-16 20 12 ll-14 
13-14 21 14 ll-1"5 24 12 ll-14 
12-13 36 14 12-15 32 12 10-13 
ll-12 51 13 12-14 69 ll l0-13 
lO-ll 77 12 l0-14 65 10 9-13 
9-10 71 ll 9-12 63 9 7-12 
8-9 58 8 6-ll 01 7 5-10 
7-8 36 8 5-9 27 7 4-10 
Total 394 380 
* Since N equals only two, the investigator 
lists the raw score on the €GUndtest for 
each. 
** There was only one pupil with a mental age 
at each of these levels, therefore the in-
vestigator listed the raw score of the 
SQ.Ilmt test •. 
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Table l<l: shows a total of Tables lA and lB. For the con-
trol group, .5% of the total population indicated mastery. For 
the experimental groups, 37% of the total population indicated 
mastery.. Mastery for the experimental group was determined at 
the ll-12 mental age level by the median score of 13. 
Analysis of variance.-- If the difference of the means 
on the test scores between the population areas for each grade 
was not significant, the data could be grouped together for 
analysis. The technique of analysis of variance was used to 
determine if the difference between the groups was signifi-
cant at each grade level. (See Table 2 and 3) 
analysis of variance, (F~test), indicates that there is a 
significant difference within the sets (population areas). 
It does not indicate between which two sets this difference 
is found. 
t-Test.-- Further examinations were needed to indicate 
between which two population areas the difference was sig-
nificant. This was determined by using the formula: 
(4 - l).v 
t = M1 - M2 
o-dm 
11 t 11 is the ratio of deviation of the mean to a standard 
gj 
error. M1 is the mean of the first sample and M2 is the 
1/Formulas will be designated as above for ease of reference. 
The figure 4 indicates the number of the chapter and the fig-
ure l indicates the number of the formula. 
g/J.P •. Guilford, Fundamental Statistics in Psychology and 
Education, McGr~w-Hill Book Company, New York, 1950, p. 208. 
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Table 2. Analysis of Variance for the Fourth Grade 
Population 
Urban Urban Rural 
Bet I Fringe Set III ~ Total Set II .~ 
( l) _(2) {3) {4) 
n.= 130 n = 119 n = 150 lnt = 399 
Ms = 25.2 Ms = 26.6 Ms = 23.4 IMt : 25.1 
Sum of Squares of Deviations Within Sets <2:x2 s> 
... 
17,524.7 12,732.8 15,216.00 ~x2a) 
45,473-5 
Deviations of Set Means from Grand Mean (d) 
"" 
d .1 1.5 - 1.7 
d2 
.ol 2.25 2.89 
nd2 1.3 267.75 433.5 
5.15 [d2 
702.55 Lnd2 
Between Variance = n Ld2 102.52 = 
K - 1 2 
- 351.28 
-( 
Within Variance = LX2s = 45t 473.5 3(399 - 1) I K(n - 1) 
!! 3&o9 
Table 2A. Variance Between and Within Sets 
Components Degrees of Sum of Freedom Squares Variance 
(1 (2) (3) (4J 
Between sets 
--
2 702.55 351.28 
Within sets --- 398 45,473.5 38.09 
Total ---- 4oo 46,176.05 
F= 351.28 '= 9-2 fr 
38.09 
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·Table 3. Analysis of Va,.riance for the Sixth Grade 
Population 
Urban 
Set I 
Urban 
Fringe 
Set II' 
r-- Rural 
Set III Total 
------- { lJ -- ·1-----"(=.2..~..-)_-+-_ _j_3~'~--+--------l(_,;.4.L.--} __ 
n = 126 n = 129 n = 118 nt= 373 
'Ms = 37.9 Ms = 41.~ ll!ts = 36.o· Mt ::: 38.4 
Sum of Squares or Dt7V1a:tions Wi thi:p. Sets (_[x2s) 
15,852.4 18,610.8 15,578.8 
Deviations of Set Means from Grand Mean {d) 
d -.45 2.85 -2.41 ': .. 
d2 
.2025 8.1225 5.8091 14.13 z:=d2 · 
nd2 25.52 1047.8 685 .• 47 1758.79 Lnd2 
Between Variance = n L d2 = 1758.79 
K .... 1 2 
::; 879.39 
Within Variance - Lx2s -
= 50~042. 
K(n - 1) 3 0 -
::; 139 .ol 
Table 3A. Variance Between and Within Sets 
Components Degrees of Sum of Variance Freedom Squares ( 1) (2) (3J (41 
Between sets 2 1,758.79 879.39 
Within sets --- 360 50.042 139.01 
Total 362 51,800.79 
F ~ 872·32 = 6-.32 139.01 
?0 
mean of the second sample. The o-dm is the standard error 
of a difference between uncorrelated means. The o-dm was 
found by using the formula: 
(4 - 2) 
oml is the standard error of the mean estimated from the 
standard deviation of the first sample. om 2 is the standard 
error of the mean estimated from the standard deviation of 
the second sample. The om was found by using the formula; 
a: = m v N- 1 
(4 - 3) 
By using the above formulas, the investigator found the 
t ratio for the difference between the means of the popula-
tion areas in each grade. For the fourth grade, the urban 
and urban fringe population had a t ratio of 1.01, the urban 
and rural population had a t ratio of .08, and the urban 
fringe and rural population had 'a t ratio of 2.5. For the 
sixth grade, the urban and urban fringe population had a t 
ratio of 2.2, the urban and rural population had a t ratio 
of 1.4 and the.urban fringe and the rural pppulation had a 
_11 
t ratio of 3.5. (See Tabla 4.) Concerning t ratios Guilford 
states: 
11 The larger the t, the less likely it is that 
it could occur by random sampling. Thera is general 
1/Ibid., P:P. 208-209. 
7:1 
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Table 4. t Ratios and Their Significance at the Fourth and 
Sixth Grades 
4th 6th 
Measure !Urban- Urban- Rural- Urban- Urban- Rural-
ltJrban Rural Urban Urban Rural Urban ~inp;e Fri~e Fringe Fringe 
11) (2) 13) (4) ( 5) -- (6) (7) 
Variables- 2 2 2 2 2 2 
Degrees 
of 251 282 267 253 242 245 Freedom 
(Jdm 1.4 1.3 1.2 1.4 1.5 1.5 
t l.OJ. .08 2.5 2.2 1.4 3·5 
Signi- No No fie ant Yes Yes No Yes 
agreement that when t is as large as 1.96 (in 
normal sampling distributions) we may regard t, 
and the deviation for which it stands, as ttsigni-
ficant. u In a normal distribution, a t that de-
viates more than 1.96 (in either direction) from 
the means would occur on~ 5 times in 100. 
This criterion is often referred to as "significant 
at the· .05 level of confidence," or as usignifi-
cant at the 5 percent level." - - - -A more confi-
dent criterion of rejection requires a t as large 
as 2.58, at which value there is less than l 
chance in 100 that a t as large or larger could 
have occurred by chance." 
It is indicated by observation that there is a difference 
between all means and standard deviations of the population 
areas for both fourth and sixth grades. The t ratios indi-
cate that in both grades there is a significant difference 
between the rural population and the urban fringe population 
and that the t ratio for the urban population lies about 
half-way between the t ratios of these ~wo populations. 
Although the difference between the urban population and the 
other populations within each grade is not significant at 
the five percent level, (See Table ~.) the investigator felt 
that the populations in each grade should not be combined. 
Therefore, data collected from each population area we~e 
separately analyzed. 
Item analysis.-- The first step in the item analysis 
was to determine the upper 27 percent of the cases and the 
lower 27 percent of the cases in each grade. The upper 27 
percent and the lower 27 percent of the cases were used in 
the item analysis. 
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In 1939, Kelly demonstrated that the lowest and highest 
27 percent o:r a sample are the optimum groups :ror use when 
item-analysis data are to be obtained :ror items o:r 50 percent 
di:f'ficulty level and low reliability that are scored in 
graduated amounts. These groups are as he pointed out or-
dinarily the most_ serviceable for use in.item analysis, even 
though the items are scored only as 11 passedt1 or 11 failed," 
and are not all o:r 50 percent di:f'ficulty. The performance 
of the above population was charted for each item. This 
was done by using the first quadrant o:r a square divided 
into four equal parts determined by the x and y axis. (See 
Figure 1.) 
y 
IV I 
4 35 
III ·II 
0 2 
Figure 1. Data for the Upper 
27 Percent of the 
Sixth Grade Experi-
mental Group 
The number of pupils that answered item one correctly 
on the pre-test and the post-test was placed in the first 
1/T. L. Kelly, 11 The Selection o:r Upper and Lower Groups for 
the Validation o:r Test Items," Journal of Educational Psy-
chology, XXX (January, 1939), pp. 17-24. 
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quadrant. The number of pupils that. answered item one cor-
rectly on the pre-test but failed item one on the post-test 
was placed in the second quadrant. The number of pupils 
that failed item one on both the pre-test and post-test was 
placed in the third quadrant. The number of pupils that 
failed item one on the pre-test but answered item one cor-
rectly on the post-test was placed in the fourth quadrant. 
This was done for both the upper 27 percent and the lower 
27 percent for each population area for each item of the 
test. The scores of the experimental groupe in each grade 
were used. By adding the numbers in quadrants one and two, 
the number of pupils answering the item correctly on the pre-
test was established. · By adding the numbers in quadrants 
one and four, the number of pupils answering the item on 
the post-test correctly was established. These numbers were 
found for both the upper 27 percent and lower 27 percent 
of the cases. These numbers than were converted to propor-
1/ tiona. These proportions were corrected for chance success. 
By applying the corrected proportions to Davis' Chart 
gj 
the discrimination index and the difficulty index for the 
items were established. (See Tables 5, 6 and 7.) 
The investigator desired to know if the items on the 
test were acceptable items. Five criteria were set up to 
1/Ibid., p. 550. 
gjF. B. Davis, Item-Analysis Data and Chart, Harvard Univ-
ersity Press, Cambridge, 1946. 
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Table Difficulty Index for Items of the Pre-test and I 5. 
Fost-test at the Fourth Grade 
-
Urban Urban Fringe Rural Total 
Item Fre- Fost- Fre- Fost- Fre- :Post- :Pre- Post-
Test Test Test Test Test Test Test Test (1) 1(2) (3) (4) (5) l§1 171 ( 8"} (9) 
1 46 46 44 76 36 53 42 : 58 2 51 54 49 51 57 53 52 53 
-3 63 58 66 68 56 67 55 64 4 50 58 55 57 43 57 49 57 5 0 46 15 59 19 52 11 52 6 46 59 56 60 51 45 51 55 7 41 36 49 36 24 24 38 62 8 48 46 71 59 46 49 53 51 9 51 56 46 46 43 55 47 52 10 48 56 47 59 46 58 47 58 11 46 51 47 59 51 56 48 55 12 44 46 49 51 68 59 54 54 13 44 51 59 . 61 49 46 51 53 14 44 48 59 68 51 48 51 55 15 41 46 49 45 42 46 44 45 16 39 44 45 43 36 42 4o 43 17 61 46 59 47 56 56 59 50 18 46 56 55 61 52 58 51 58 19 7 10 0 27 22 15 9 17 20 10 32 15 32 13 48 13 37 21 7 10 32 29 25 24 21 21 22 0 44 0 41 0 54 0 46 23 15 32 26 0 27 24 23 19 24 39 48 41 47 50 53 47 49 25 66 44 55 55 59 61 60 53 
Table 6. Difficulty Index for Items of the Pre-teat and Post-
teat at the Sixth Grade 
Urban Urban Fringe Rural Total 
Item Pre- Post- Pre- Post- Pre- Post- Pre- Post-
Test Test Test Test Test Test Test Teat (l} (2} 131 (4} C5l 16} {7} (8} (9) 
l 53 75 50 66 57 71 53 71 2 45 49 40 39 62 63 49 50 
3 56 71 67 85 63 67 62 74 4 48 71 51 81 52 67 50 73 5 0 58 7 67 0 55 2 60 6 61 63 65 62 71 76 66 67 
7 45 49 44 45 38 55 42 49 8 56 80 93 93 62 71 70 81 9 57 58 57 71 67 58 60 62 10 42 53 52 51 46 46 40 50 ll 59 75 59 62 47 55 55 64 12 51 68 53 '59 67 58 57 62 13 59 51 63 67 60 52 61 57 14 63 68 59 81 60 63 61 70 15 59 63 48 48 45 58 51 56 16 43 46 49 63 52 58 48 56 17 56 51 6'11> 81 59 58 61 63 18 51 63 67 63 67 63 62 63 19 44 47 26 29 20 37 30 38 20 13 20 5 4o 0 38 6 33 21 17 15 80 45 43 36 47 30 22 :to 43 13 38 0 37 4 39 23 19 37 42/ 29 35 39 32 35 24 36 35 62 55 46 49 47 63 25 65 60 85 70 67 58 72 63 
7? 
Tabaa 7• Difficulty Indices of . 
the Items on the Pre-
test and Post-test at· 
Fourth and Sixth Grades 
Item Pre-test Post-test 
4 6 4 6 
(l) ,(2) (3) (4) {5J 
l 42 53 58 71 
* 
2 52 49 53 50 
3 55 62 64 74 
4 49 50 57 73 
* 
5 11 2 52 60 
6 51 66 55 67i 
7 38 42 62 "49. 
8 53 70 51 81 
9 47 60 52 62 
* 10 47 40 58 50 
ll 48 55 55 - 64 
12 54 57 54 62 
* 13 51 61 53 57 14 51 61 55 70 
15 44 51 45 56 
16 4o 48 43 56 
17 59 61 50 63 
18 51 62 58 63 
19 9 30 17 38 
* 20 13 6 37 33 
* 21 21 47 21 30 22 0 4 46 39 
23 23 32 19 35 
* 24 47 47 49 63 
* 25 60 72 53 63 
* Items eliminated from the test 
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determine which items, if any, should be eliminated from the 
test. They are as follows: (1) When the difficulty index f~ 
the item indicates no gain or decrease from the fourth-grade 
pre-test to the sixth-grade pre-test; (2) Items that are too 
easy, that is, when 75 percent of the pupils in the fourth 
grade get the item correct on the pre-test; (No item was el-
iminated by this criterion.) (3) Items that are too diffi-
cult, that is, when 25 percent or less of the pupils in the 
sixth grade fail to get the item correct on the post-test, 
that is, after experiencing the learning situation, only 25 
percent of the sixth grade answered. the item correctly. It iE 
quite natural to assume that a smaller percentage of the 
fourth grade would answer the item correctly. Therefore, 
the item was judged too diffidult. No item was eliminated by 
this criterion. {4) Wbsn the difficulty indices indicate. no 
gain from the pre-test to the post-test at both fourth and 
sixth grade levels on any item. That is, it is reasonable to 
assume that possibly the items would not constitute a meas-
uring instrument, if al~ the pupils of all areas made no 
gain from the pre-test to the post-test after having experi-
enced the learning situation. (5) When the difficulty indices 
show a gain in the fourth grade and a loss in the sixth grade 
from pre-test to post-test. 
Items number two, five, ten, 20 and 24 were eliminated 
from the test by criterion number one. Items number 21 and 
25 were eliminated from the test by criterion number four. 
Item number 13 was eliminated from the test by criterion 
number five. E[ght items were eliminated from the test. 
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The discrimination indices for each item were found 
for the fourth and sixth grade population areas. Most of 
the items were of acceptable discriminating value. Most of 
the items were discriminating at the five percent level. 
Those items which had a discriminating index of plus 21 or 
higher were accepted as being good discriminators. (See 
Table 8.) 
Reliability of the test.-- The investigator used the y 
Kuder-Richardson formula for estimating the lower limits 
of the reliability of the test (the remaining 17 items). 
The following formula was used: 
(4 -4) 
rtt is the reliability coefficient; n is the number of 
items in the test ( 17), o- is the standard deviation of the 
test (3.24], and ~pq- 1s the summation of the proportion 
passing an item multiplied by one minus this proportion 
(3.46). By substituting the values in the parenthesis into 
. formula (4 - 4), the lower limit< of reliability waa .. found 
to be .74. 
Using the fourth-grade control group, pre-test and post-
yM. W. Richardson and G. F. Kuder, nThe Calculation of Test 
Reliability Coefficients Based Upon the Method of Rational 
Equivalence, 11 Journal of Educational Ps:vcholo~:v, 1939, 
30: 681-687. 
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Table 8. Discrimination Indices 
of the Items of the 
Pre-test and the Post-
test at the Fourth and 
Sixth Grades 
Item 
(1) 
1 
* 2 3 
4 
* 5 6 
7 
8 
9 
* 10 
11 
12 
* 13 14 
15 
16 
17 
18 
19 
* 20 
* 21 
22 
,· 23 
* 24 
* 25 
Pre-test 
4 6 
(2) (3) 
50 49 
32 21 
47 27 
57 48 
-5 0 
75 4o 
23 4o 
59 30 
35 23 
36 30 
62 45 
47 38 
49 47 
28 22 
34 46 
51 23 
4o 41' 
50 37 
-3 16 
-1 6 
15 16 
0 -4 
4 15 
24 25 
41 3 
_:Post-test 
4 6 
(41 (51' 
37 29 
20 39 
34 13 
38 34 
31 ·:·o 
31 15 
4o 34 
29 10 
34 27 
28 21 
36 16 
4o 21 
43 36 
50 24 
33 33 
54 14 
26 33 
29 15 
ll 17 
23 12 
12 -6 
51 19 
-7 28 
20 6 
31 36 
.*Items eliminated from the test 
Note: The t ratio provides an indication of how certain we 
may be that a given item does discriminate between the high 
scoring and low scoring groups, but it does not lend itself 
to providing a direct comparison of the amounts of discrim-
inating ability possessed by the individual items.11 
yF. B. Davis, Item Analysis Data, Harvard University :Press, 
Cambridge, 1949, p. 8. · . 
8:f 
test data were used to derive the Pearson Product-moment 
coefficient (R12 ). An estimation 'Q;D': R12 was obtained. This 
estimation was .79 which represents the upper limits of 
the r eliab ili ty of the test • 
The reliability found,between .74 and -79,offered suffi-
cient reliability for this study. 
Experimental and control groups.-- Both the fourth-
grade and the sixth-grade pupils were separated into two 
groups, experimental and control. This was accomplished by 
the use of the random number selection technique. This 
technique insures that the samples are from the same popula-
tion. To further show that the experimental group and the 
control group are alike, the investigator constructed Tables 
9 and 10 for the convenience of comparing means and standard 
deviations of the groups. 
The reader should keep in mind that two populations 
or samples are alike or unlike depending on their means and 
standard.deviations. By observation it may be determined 
that there is not much difference in means and standard de-
viations from the control group on the pre-test to the exper-
imental group on the pre-test. In Table ~ for the urban 
area, the mean of the score for the control group was .3 of 
a point hi~her than the mean for the experimental group. 
This difference may lie in either direction; that is, the 
mean for the urban fringe area shows a .5 point difference 
in favor of the experimental group. When the means and 
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Table 9. Means and Standard Deviations of the Pre-
test for the Fourth Grade Experimental and 
Control Groups 
-Pre-test Pre-test 
Population Control. Exp~rimental 
Area Standard Standard 
Mean Deviation Mean Deviation 
( 1) (2) (3)_ (4) {5) 
-
Urban -
- -
8.4 2.7 8.1 3.1 
Urban 
Fringe - .... 9.4 2.7 9.9 2.3 
Rural -
- -
8.1 2.9 7·9 2.9 
Table 10. Means and Standard Deviations of the Pre-
test for the Sixth Grade Experimental and 
Control Groups 
Pre-test Pre-test 
Population Control Experimental 
Area Standard Standard 
Mean Deviation Mean Deviation 
(1) (2) (3) ( 4) (5) 
Urban- - - 10.1 2.5 10.2 2.2 
Urban 
Fringe 
- -
11.6 3.1 11.5 2.5 
Rural - - - 10.4 3.0 10.6 2.3 
--
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standard deviation are averaged for the total population in 
the fo~rth grade, there is no difference. This same reason-
ing may be applied to the total population of the sixth grade 
(Table 10). There is a difference of .2 of a point in favor 
of the experimental group and ; .6 of a point dif'f'erence in 
the standard deviation in favor of the control group. By 
applying the formula (4- 1), it was found that this dif-
ference was not significant. It may now be said that the 
two groups ,are:::' alike statistically, and that any differen-
ces in the pre-test scores of both groups at each grade 
level might have occurred by chance. 
Chance gain or loss by the control group.-- Columns 
four and seven (Table 11) show the proportion of the pupils y 
scoring high enough to indicate mastery on the pre-test 
and post-test respectively for the fourth grade. The urban 
population shows no difference. The urban fringe shows a 
difference of 15 percent from the pre-test to the post-test. 
The rural area shows a difference of nine percent from the 
pre-test to the post-test. There is an average gain of 
eight percent for the three population areas in the fourth 
grade. This gain is attributed to chance practice effect 
with the test, since the items were identical in both the 
pre-test and post-test. The same analysis may be made of 
Table 12, which shows the proportion passing for the sixth 
1/The term "mastery" is explained in detail later in this 
chapter. 
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Table 11. Means, Standard Deviations and Proportion Passing 
on the Pre-test and Post-test for the Fourth-
Grade Control Group 
Pre-test Post-test 
Mean Standard Prop or- Mean Standard Prop or-
Area Deviation tion Deviation tion 
Passing_ Passing 
(1) (2) (3) ( 4) ( 5) (6) (7) 
Urban- 8.4 2.7 5 8.4 3.0 5 
Urban 
Fringe 9·4 2.7 15 10.4 3.2 30 
Rural- 8.1 2.9 6 8.6 3.1 15 
Table 12. Means, Standard Deviations and Proportion Passing 
on the Pre-test and Post-test for the Sixth-Grade 
Control Group 
Pre-test Post-test 
Mean Standard Prop or- Mean Standard Prop or-
Area Deviation tion Deviation tion 
Passing Passing ( 1) {2) {3) { 4) l5J .l§J 171 
Urban- 10.1 2.5 22 11.0 2.3 27 
Urban 
Fringe 11.6 3-l 43 12.1 2.5 47 
Rural- 10.4 3.0 21 10.7 2.8 27 
• 
Note:: In columns four and seven of Tables 11, 12, 13 and 
14, prpportion passing is listed in whole numbers 
corresponding to percentage figures. 
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grade popu~ation areas. There is an average increase of 
five percent for each area in the sixth grade. The reader 
may note that for each grade in all areas there is an increas& 
in proportion passing. This· increase may be attributed to 
the fact that some learning may have taken place as a re-
sult of taking the pre-test. 
Gain from pre-test to post-test made by the experimental 
groups.-- Tables nine and ten are similar to tables eleven 
and twelve. Tables nine and ten show the increase of the per-
centage of pupils from the pre-test to the post-test that 
scored high enough on the tests to indicate mastery of 
the principle, "sound is produced by vibrating material.n 
The pupils took the pre-test before they experienced the 
lecture-demonstration on 11 sound is produced by vibrating 
material." Therefore, the proportion of pupils indicating 
mastery of the principle,. 11 sound is produced by vibrating 
material, 11 on the pre-test may be attributed to maturation, 
experience or previous instruction. Column seven indicates 
the proportion of pupils obtaining mastery of the principle, 
"sound is produced by vibrating material," after they had 
experienced the lecture-demonstration. Table 13 shows an 
increase of 18 percent in the urban area, 31 percent in the 
urban fringe area, and 15 percent in the rural area from pre-
test to post-test for the fourth grade. Table 14 shows 
an increase of 31 percent for the urban area, 34 percent for 
the urban fringe area and 34 percent for the rural area from 
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Table 13. Means, Standard Deviations and Proportion Passing 
the Pre-teet and Poet-teet for the Fourth-Grade 
Experimental Group 
Pre-teet Poet-teet 
Mean Standard Prop or- Mean Standard Prop or-
Area Deviation tion Deviation tion 
Passing Paeei~ (1} (2} (3) ~ 15.1 tQl 171 
Urban- 8.1 3.1 6 10.9 3-8 24 
Urban 
Fringe 9.9 2.3 8 11.7 2.3 39 
Rural- 7·9 2.9 4 9.4 3.1 19 
Table 14. Means, Standard Deviations and Proportion Passing 
Pre-teet and Poet-test for the Sixth-Grade 
Experimental Group 
Pre-teet Poet-teet 
Mean Standard Prop or- Mean Standard Prop or-
Area Deviation tion · Deviation tion 
Paeei!lg_ Pa.eein,g 
( 1) ( 2) (3) 
__ l.lj.) (51 (6_) { 7) 
Urban- 10.2 2.2 16 12.6 2.3 47 
Urban 
Fringe 11.5 2.5 34 14.6 2.1 68 
Rural- 10.6 2.3 18 ·12.5 2.3 52 
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pre-test to post-test for the sixth grade. The average pro-
portion indicating mastery on the post-test at the fourth 
grade is 27. This is a low proportion. Logically, the in-
vestigator feels that this proportion is so low that it in-
dicates that the principle, tlsound is produced by vibrating 
material, u may not be effectively introduced at this level, 
usi~g the technique a.s is used in this study. The average 
proportion indicating mastery on the post-test at the sixth 
11 
grade is 56. Richardson advocates placing the item at 
the grade level where 50 percent of the pupils correctly 
answered the item. It seems reasonable to assume that 
these same conclusions may be applicable to a learning task. 
The investigator feels that the sixth grade is logically 
the level at which the principle, "sound is produced by 
vibrating material, 11 may be effectively introduced. The 
reader should note that this is not a teaching problem but 
a readiness problem. (This will be explained in detail 
in Chapter V of this study.) 
Mastery as related to this study.-- Since the test is 
not a perfect test, there are discrepancies in the scores 
caused by the errors in measurement. By using the formula: 
(4 - 5) 
0t.co = o-t -v 1 - rtt 
YM· w. Richardson, "The Logic of Age Scales," Educational 
Psychological Measurements, 1941, 1: 26. 
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we get a. standard error of measurement. Where CftdD is the 
standard error of the obtained measure, at is the standard 
deviation of the distribution of obtained scores and rtt is 
the reliability coefficient. By substituting these values 
into formula (4 - 5) the standard error of measurement is 1.4 
This standard error of measurement may be accepted by 
setting a confidence level of one percent. This would mean 
that it would be virtually impossible for a pupil (having 
complete understanding of the principle) to score below 
.... ,...,\ 13 on the test. o~ ~ 1 ~;11~\1 
rJO' j<\21117 l" ct 
Hence, any pupil scoring 17 - 4 or 13 on the test would 
possibly score 17 if it were not for the errors in measure-
ment. Therefore, any score of 13 was considered as mastery 
of the test in as much as this is the lower limit of the 
scores of the pupils who had perfect knowledge. 
Therefore, no pupil scoring less than 13 could have 
mastery of the test. The score of seven is the upper limit 
for those pupils having no knowlegge of the principle. Those 
pupils having scores between seven and 13 do have some know-
ledge of the principle. Only the proportion of the pupils 
of each grade scoring 13 or above was determined for this 
study. 
3. Motivation and .• .Reteni;.ion 
Experimental group.-- After a period of three to four 
weeks the pupils took the post-test again. The results of 
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this test were compared with the results of the same test 
taken immediately after the lecture-demonstration. The 
findings indicate no significant difference statistically 
between the post-test and retest scores for the fourth 
grade nor the sixth-grade experimental groups. These 
findings were established by the use of formula (4- 1). 
These findings indicate that the pupils of the experimental 
groups of both grades actually had a slight increase in then 
scores from~at-test to retest. Concerning retention 
KingsleyY states: 
11 In a number of studies children have been 
tested in various subjects at the end of the school 
year and again after the summer vacation. The re-
sults sometimes show losses, sometimes no change, 
and sometimes they actually show a gain. - - - For 
the intermediate grades the trend toward gains 
appears to be stronger than losses. - - - The 
gains reported may probably be attributed to 
practice or additional information picked up during 
the summer, since they are found most often in 
the subjects which may easily be reviewed, prac-
ticed or supplemented by incidental learning." 
The investigator feels that, due to the above evidence, 
these findings are very significant. (See Table 15.) 
Control groups.-- On the day that the lecture-demonstra-
tion was givent the control group was given a short written 
"exposition" on the principle, ttsound is produced by vibra-
ting material." They were given this exposition immediately 
after they completed the post-test. After a period of 
three to four weeks the pupils of the control group took 
1/Howard L. Kingsley, The Nature and Conditions of Learning, 
Prentiss-Hall Incorporated, New York, 1946, p. 495. 
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Table 15. Means and Standard Deviations for Total Popula-
tion. (Post-test and Re-test) 
Vari-
able 
( 1) 
Mean 
Stan-
dard 
Devi-
ation 
t 
Ratio 
Level 
of 
Sig-
nifi-
canoe 
Sig-
nifi-
cant 
Dif.:. 
fer-
ence 
N 
Fourth Grade 
Experimen- Oontrol 
tal Groups Groups 
Post- Re- Post-
test test test 
(2} (3} (4} 
Re-
test 
{5) 
10.7 11.1. 9.1 10.8 
0 
No 
142 
Beyond the 
5% level 
Yes 
145 
Sixth Grade 
Experimen- Oontrol 
tal Groups Groups 
Post- Re- Post-
test test test 
< 6J C7 }_ un 
Re-
test 
(9) 
13.2 13.3~ 11.3 13.0 
2.2 
.36 
Beyond the 
0 5% level 
No 
119 
Yes 
128 
Note: When the level of t is below 1.65 (lo% l.evel) it is 
insignificant, and if the level of ~ is higher than 2.81 y 
it is very significant. 
1/J. P. Guilford,~· cit., p. 209. 
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the same post-teat again. There was a statistically sig-
nificant difference between their re-test score and their 
post-test score. These findings indicate that possibly 
such an instrument as the exposition used might be used as 
a tool for motivation or creating an interest. It is evi-
dent that the pupils of the control group further investi-
gated the principle, ttaound is produced by vibrating mater-
ial." It is highly probable that this significant increase 
in~.the scores of tlle control group from the pre-teat to 
post-teat is the result of sharing of experience by the ex-
perimental group with the contvol group. There is no doubt 
that the pupils of both groups shared their experiences with 
each other. By observation of individual teat scores on 
the re-test, it was found that not all the pupils made a 
higher score on the re-test than they made on the post-test. 
The investigator feels that this significant increase may 
have occurred as the result of a certain percentage of the 
pupils becoming interested in the principle, 11 sound is pro-
duced by vibrating material, u and by gaining further know-
ledge Lr~()).f: the principle, thus enabling them to make a 
higher score on the re-test. 
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CHAPTER V 
SUMMARY, CONCLUSIONS AND SUGGESTIONS FOR FURTHER STUDY 
1. Summary 
The problem.-- The problem in this study is not a 
problem of teaching but rather a problem of discovering 
the learnability of the physical science principle, 
11 sound is produced by vibrating material1 " by the pupils 
of grades four and six. The amount of teaching possible 
by the lecture-demonstration or by any other method in a 
15 minute period is limited. The technique and procedure 
that the investigator used in this study were not designed 
to teach thoroughly the principle, 11 sound is produced by 
. vibrating material. 11 It was designed to discover at 
which grade level this principle might be introduc~d into 
the curriculum to attain maximum learning. If this study 
had been designed as a teaching problem, it would have 
been necessary toteach, test and diagnose and reteach, 
retest and rediagnose if necessary, until each pupil 
achieved as high a score as he was capable of making. y 
Billett states: 
"All facts and theories considered, a valid 
1/Roy 0. Billett, Fundamentals of Secondary School Teaching, 
Houghton Mifflin Company, Boston, 1940, p. 599. 
93 
teaching-learning cycle would seem to consist 
of four phases, namely: (1) introductmDy_ phase; 
(2) laboratory phase; (3) pooling-of-experience 
phase; and (4) estimating·educative growth 
phase. 11 
This study was n9t concerned with teaching to every 
pupil, but rather what proportion of the pupils could 
comprehend the. principle, "sound is produced by vibrating 
material.. n The investigator feels that a good teaching-
learning situation would emphasize individual differences; 
that is, the teacher might direct the reteaching and re-
view at those pupils who did not master the principle 
during the first teaching. 
Educational validity.-- Is the principle, "sound is 
produced by vibrating material," important enough to be 
placed in the curriculum? Is it necessary for an indivi-
dual to know the principle, "sound is produced by vibrating 
material, 11 and be able to apply it in order to adapt 
himself to his environment? If this is true, it should 
be placed in the curriculum. Educational validity is 
11 . y 
based purely on logic. Robertson and Leonelli placed 
the principle, "sound is produced by vibrating material, u 
in the elementary school curriculum. They based their 
findings on the opinions of leaders in the field of·science 
1/Martin L. Robertson, nselection of Science Principles 
Suitable as Goals of Instruction in the Elementary School, 11 
Science Education (April, 1935), 19: 65-70. 
g/R. E. Leonelli, .QE• cit. 
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and able classroom teachers. 
Reliability.-- The coefficient of reliability of the 
test used in this study is .77. This is based on the aver-
age reliability derived from the Kuder-Richardson formula 
and the Pearson product-moment correlation. 
Item difficulty.-- The average difficulty of the items 
on the pre-test at the fourth-grade level was .42 and at 
the sixth-grade level was .51. This indicated that the 
items were more difficult at the fourth grade than at the 
sixth grade. The average difficulty of the items on the 
post-test for the fourth grade was .49, and for the sixth 
grade was .60. The difficulty index approaches 1.00 as 
the test becomes easier. 
Experimental and control group (pre-test).-- There 
is no significant difference between the experimental and 
control groups on the pre-test in either grade, based on 
the principle, "sound is produced by vibrating material.u 
The basic assumption then, is that the response of the 
experimental group to the learning situation was similar 
to that of the control group. 
Mental age placement of the principle, n sound is produced 
by vibrating material."-- This is the most important Phase 
next to grade placement in this study. It indicates at 
which mental age level the pupils have developed to the 
extent that they are ready for this instruction. Table 10 
clearly indicates that the mental age level of 
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ll-12 is that point where the pupils indicate mastery of 
the test. This includes 37 percent of the total population 
of the experimental group. Forty-five percent of this group 
indicate that they have some knowledge of the test but not 
to the point of mastery. It is to this group that the 
teacher should direct his review. The investigator feels 
that with a small amount of review and reteaching, the pup-
ils of this group would move up into the mastery group. 
Those pupils scoring below seven on the test are probably 
two or more years retarded. The teacher probably could never 
cause them to reach mastery. Even if it were possible the 
time element-would be so long that it is felt that the harm 
created with the 82% who have already reached mastery off-
sets the good accomplished in the 18% who should in all 
probability be in a special class. The investigator feels 
that'" the only wa~ to solve this problem is by using a dif-
ferentiated unit, where the related activities will endeavor 
to compensate for this wide mental age range. 
Grade placement of the principle, 11 sound is produced 
by vibrating material."-- This is the most important phase 
of this study. The investigator has endea~ored, by the 
preceeding statistics, to present tbe analysis of data in 
such a manner as to ~~~~indicate where the principle, 
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n sound is· produced by vibrating material, u might be intro-
duced into the ele~entary school curriculum for best re-
sults. The achievement from the pre-test to the post-test 
for the fourth grade indicated that the pupils of the 
fourth ~rade were not ready for this instruction. That is, 
their maturity level and experience level W!ene not developed 
to the extent that the teacher might expect maximum learn-
ing of the material. 
It is possible that the urban fringe population of 
the fifth grade with a well developed differentiated unit 
on nsound is produced by vibrating material, 11 properly 
t'atlght, might achieve success. The percent mastering 
the test of the fourth-grade urban fringe area was 37 
percent. It is assumed that with another year of exper-
ience, and with the educative growth of an additional year, 
this 37 percent might be raised to a 50 percent score, 
which would indicate that the principle could be placed at 
that grade level. y gj 
Richardson and Guilford place an item at the 
grade level where fifty percent of the pupils pass the 
item. The : ·~pe_rcettto,: achieving mastery at the sixth grade 
for the total population was 57. Therefore the investigator 
OYM. w .. Richardson, "The Logic of Age Scales,n. Educational 
Psychological Measurement, 1941,. pp. 1-26. 
gj J. P .. Guilford, ··psychometric Methods, McGraw-Hill Book 
Company, New York, 1936, p. 409. 
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feels that the pupils of the sixth grade area are ready 
for the principle, · usound is produced by vibrating materi-
ial." 
The investi~tor suggests that the tea~r should 
use his own judg,me~t as to the grade level~ which this 
p~inciple should be taaght. This study was not intended 
· to establish a rigid concept of the grade placement of 
this principle. With such a large number of' variables 
bet,ween schools it would be impossible to set up specific 
criteria that would fit every school. The investigator 
has tried to base the findings of' this study on a typical 
classroom situation. By comparing the situation of' his 
own classroom to the situation as presented in this study, 
it is hoped that this study may be of help to the teacher 
in determining if' he should teach this principle now or 
perhaps later. 
Retention.-- There was a time-lapse of' three to four 
weeks between the post-teat and the retest. There was 
actually a alight increase in learning d~ing !;his period. 
These findings are very significant. Kingsley found 
that over summer vacation, school children sometimes show 
a loss, no change and sometimes an actual gain, in a 
number of' studies. The gain shown by the experimental 
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groups of the study may be attributed to practice effect 
of the test, or information pertaining to the principle 
picked up during the time-lapse, since this principle is 
of subject-matter that is easily reviewed, practiced or 
supplemented by incidental learning. 
Motivation.-- By presenting the control groups of 
both grades with a short, written exposition on u sound is 
produced by vibratinp; materialtt and retesting after a 
period of three to four weeks, there was a significant 
gain in their scores from the post-test to the re-test. 
A proportion of this increase in score may be attributed 
to factors other than the written exposition, but it is 
evident that the written exposition bad some influence on 
the increase of score. Another influencing factor might 
be the sharing of experience by the experimental group 
with the control group. It was found that several of the 
pupils of the control group did not make any gain in 
score from post-test to re-test. The basic assumption, 
then, is that a number of the pupils became interested in 
the principle and gained additional knowledge about the 
principle, either by direct or indirect procedures, or 
a combination of both. The investigator feels that 
these findings are very significant. 
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2. Conclusions 
There is no significant difference between the experi-
mental group and the control group on the pre-test at either 
grade level. 
The test items were more dllf'icul t for the fourth-grade 
pupils than they were for the sixth-grade pupils. 
A reliability coef'ficient'of' .77 is acceptable for this 
study. 
As the mental ages increased the pupils scored higher 
on·the test. 
The pupils of the 11-12 mental age group mastered the 
test after experiencing the learning situation. 
The principle, 11 sound is produced by vibrating material," 
should be taught at the sixth-grade level for maximum learning 
Since the proportion passing for the urban fringe area 
of the fourth-grade pupils was .37, it is concluded that, 
with an additional year of' experience and maturation, the 
fifth grade of the urban fringe area might be taught the 
principle with a maximum degree of' success. 
Retention of knowledge is good when the lecture-demon-
stration method is used in teaching science by principles. 
3. Suggestions for Further Study 
Replicated studies.-- As there are over 300 science 
:1.00 
principles, it is obvious that not all of them will be 
tested for grade placement as this one has been. It is 
possible, however, (and the writer has helped to direct 
some twenty such studies) to have one person set up the 
test, the demonstration, and make a tape-recording of the 
words used in the demonstration. He then tries out the 
whole technique on five schools, refines the instruments, 
gathers the data, codifies on cards, and leaves the mater-
ial. During the next few years, this study can then be 
easily replicated. The number of schools and the total 
number of pupils eventually approach a limit where further 
testing will not make any significant changes in the grade-
placement data. Actually, much of the statistics may be 
ignored if this plan is followed. By carrying the study 
further and further afield, and by increasing the number 
of school units tested, there does come a time when the 
addition of new data (easily done when data are on cards) 
makes no change in the total picture. It is even possible 
to package the whole kit, and to send it (minus common 
materials used in the demonstration) to other parts of 
the country, the better to obtain a sample which is a 
true picture of the total population. 
Relating this technique to other subject matter areas.--
The process here outlined is applicable to any subject-
matter area where basic principles have been or can be es-
10:f 
tablished through jury-evaluation or otherwise. As these 
principles are found in science-type subject-matter areas 
as health, industrial arts, home economics, geography, 
conservation, and especially in mathematics, it would seem 
that the technique here described would work. Where at-
titudes and appreciations are involved, as in social stu-
dies, citizenship, literature, and fine arts, the tech-
nique may still be applicable if the test-material is 
suitably modified. The 11 demonstration11 might become a 
motion picture, a play, a reading, a school or civic 
11 situationu contrived or real. 
Deviates of the upper level.-- Certainly some separate 
study of the able pupils might be made. Just how they 
obtain the insight into science principles so far ahead 
of their fellowsis not certainly known. Reading, tele-
vision, home conditions, availability of the urban or 
rural environments, might all be searched for the reason. 
Deviates of the lower level.-- Some study might be 
made of those pupils who do poorly in this study, .but seem 
to do well in some one or many school subjects. 
Differentiated units.-- Certainly, when each principle 
has been tested, the next step should be the building of 
differentiated units.. There are many clues in the test-
items that tell the teacher where to look for ''sticking-
points .n Varied backgrounds are suggested as each pupil r s 
:l02 
test is investigated. While it is unlikely that the single 
"principle" will be taught once, and then never mentioned. 
again, still a card-file of test-items, and of activities 
teaching toward those sub-topics suggested by the items, 
would be an invaluable guide to the teacher building a 
unit at any level. This principle, r•eound is produced 
by vibrating material," has nearly exhausted the common ex-
periences of boys and girls at grade six level; for high 
school level but a few more applications are necessary be-
fore the pupil ie ready to go into hie probable nearby 
environment and solve all problems which involve this 
principle. 
I 
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APPENDIX 
PRE-TEST 
Number ___ _ 
Grade School Date 
------- -------~------- ---------Name _______________________________________ ___ 
Boy ( ) Girl { ) Age _ ___;Birth Date"""":': __ :-:----
Month Day Year 
INSTRUCTIONS: : We are doing a study to make things easier 
for pupils in the classroom. We need your help. Will you. 
help u.s? If you will help us, place your name on the line 
opposite NAME, your grade opposite GRADE.· Place·tbe name 
of your school opposite SCHOOL, and today's date opposite 
DATE. If' you are a boy put an Xi~ 1n the parenthesis opposite 
BOY. If' you are a girl put an X< in the parenthesis opposite 
GIRL. Put your age on your last birthday 1n the line oppo-
site AGE. Now place the month and day and year you were 
born on the line above the words MONTH, DAY and YEAR. 
For_the test, read each question carefully and place an X 
in the parenthesis beside the best answer. There may be 
more than one correct answer to a question; if' there are 
two or more correct answers, you are to place your X beside 
the best answer. Be sure to choose ~ answer to each ques-
tion and only ~· After the test starts you are not to 
speak at any time, if there are any words that you do not 
know, raise your hand and someone will come to you. Below is 
a sample question to show you how to do the others. 
1. Most dogs like to eat 
( ) 
(x) 
~ ~ 
a. milk 
b. bones 
c. bread 
d. cheese 
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1. Will a violin string make a sound? 
! l ~: ( d. When it is loose and struck with a bow. When you hold it in your hands. When it is tight and plucked. When it is being carried in the case. 
2. Will you hear thunder? 
( ) a. 
( ) b. 
( ) c. 
( ) d. 
When it is cold and raining. 
When the lightning splits the air. 
When the rain starts ralling. 
When there is no lightning. 
3. Will a rlag make a sound? 
( ) a. 
( ) b. 
( ) c. 
( ) d. 
When it is high in the air. 
When the wind is not blowing. 
When it is being raised or lowered. 
When it rlops back and forth in the wind. 
4. Will a tuning fork make a sound? 
( ) a. 
! l t 
If the prongs are moving. 
If you place it in water. 
If you place it on the table. 
If you hold it in both hands. 
5. Are you able to talk? 
( ) a. 
( ) b. 
( ) c. 
( ) d. 
Because there is something moving in your throat. 
Because you swallow air. 
Because you can breathe through your mouth. 
Because you are able to move your tongue. 
6. Will a drum make a sound? 
~ ~ a. Whe.n the head is loose and struck with a stick. b. When the bead is made of loose skin and.struck 
with a stick. ( ) e. When the head is tight and struck with a stick. ( ) d. When the head is rull of holes and struck with 
a stick. 
7. Will a jug make a sound? 
When you turn it upside down. 
When you blow gently into it. 
When you blow air across the mouth of it. 
When you blow air into it through a straw. 
8. Will a rubber band make a sound? 
( ~ a. If you hold it in both hands and stretch it. ( b. If it is tight and you pluck it. ( ) o. If you hold one end in your hand and step 
other end. ( ) d. If you hold one end in your mouth and one 
your hand. 
9· Will trees make a sound? 
( ) a. 
( ) b. 
~ ~ ~: 
When the leaves are falling. 
When the trees are near water. 
When the leaves are shaking. 
When the wind is not blowing. 
10. Will telegraph wires make a sound? 
( ) a. 
~ ~ ~: 
( ' d. 
When the wind is not blowing. 
When there is a storm. 
When they are very high above the ground. 
When they are not covered. 
11. Will a mosquito make a sound? 
When he is flying very fast. 
When he is biting you. 
When you slap him. 
When he is sitting on the wall. 
12. Will flies make a buzzing sound? 
( ) a.. 
( ) b. 
( ) 0. 
( ) d. 
When they rub their feet together. 
When they are eating. 
When their wings move very fast. 
When they are walking on the screen. 
13. When you whistle sound is made: . 
( ) a. 
( ) b. 
( ) 0. 
( ) d. 
By moving your lips together. 
By pushing your tongue between your lips. 
By moving your jaws. 
By forcing air through your lips. 
14. Will automobile tires make a singing sound? 
~ ~ ~: When a wheel is jacked up. When the oar is traveling fast. 
on 
in 
the 
( ) 0. When you place your foot on the brake very easy. 
( } d. When you cross the white line on the road 
15. Will the door squeak? 
If it is open. 
If it is closed. 
If it is being opened or closed. 
If it is wet and tight so you can't open it. 
16. Will a policeman's whistle make a sound? 
~ ~ ~: 
( ) o. 
( ) d. 
--
~eoause there is a little ball in it. 
Because it is made of wood. 
Because it is made of metal. 
Because of air being blown through it. 
17. Will the rails of a railroad make a- sound? 
~ ~ ~: 
( ) c. 
( ) d. 
When the wind is blowing hard. 
When a train is shaking it. 
When they are over a river. 
When a oar is passing-along beside it. 
18. Will an electric fan make a sound? 
~ ~ ~: 
( ) 0. 
( ) d. 
When the blade is hot. 
When you turn the blade with your hand. 
When it is. plugged in. 
When the blade is turning very fast. 
19. Will a pair of shoes squeek? 
When they are worn out. 
When they have been shined. 
When you are walking with them on. 
When they fit your foot too tight. 
20. Will a radio make a sound? 
Because it warms up. 
Because the dial lights up. 
Because it has electric wires going into it. 
Because it has something in it that moves very 
fast. 
21. Will a bell make a sound? 
( ) a. 
( ) b. 
(( ) 0. ) d. 
When the bell is moving. 
When the clapper hits it.-
When you pull the bell rope. 
When the bell is hanging in the church tower. 
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22. Will a oar horn make a a ound 1 
{ ) a. 
( ) b. 
( ) o. 
( ) d. 
Because you push a button. 
Because it is connected to the battery. 
Because there is something in it that is moving. 
When you turn the oar switch on. 
23. Will the stairs make a sound? 
( ) a. 
( ) b. 
( ) 0. 
( ) d. 
When a board is loose. 
When a oat runs up or down the stairs. 
When there is no carpet on the stairs. 
When the stairs move when you walk on them. 
24. Will the ocean waves make a sound? 
( ) a. 
( ,. b. 
( ) 0. 
( ) d. 
When you are ~ishing. 
When the waves hit the beach. 
When the waves hit each other. 
When the ocean is calm. 
25. Will chalk make a sound? 
( ) a. 
~ ~ ~: 
( ) d. 
When you hold it against the black-board. 
When you hold it in both hands. 
When you lay it down easy. 
When you rub it over the black-board. 
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POST~TEST 
Name School. ______________ __ 
l. Will a violin string make a sound? 
( ) a. 
( ) b. 
( ) c. 
( ) d. 
When it is tight and plucked. 
When it is being carried in the case. 
When it is loose and struck with a bow. 
When you hold it in your hands. 
2. Will you hear thunder? 
( ) a. 
( ) b. 
( ) c. 
( ) d. 
When the rain starts falling. 
When it is cold and raining. 
When there is no lightning. 
When the lightning splits the air. 
3. Will a flag make a sound? 
~ ~ ~: 
( ) c. 
( ) d._ 
Wbsn it flaps back and forth in the wind. 
When it is being raised or lowered. 
When the wind is not blowing. 
When it is high in the air. 
4. Will a tuning fork make a sound? 
( ) a. 
( ) b. 
( ) c. 
( ) d. 
If you place it on the table. 
If you hold it in both hands. 
If the prongs are moving. 
If you place it in water. 
5. Are you able to talk? 
( ) a. 
~ ~ ~: 
( ) d. 
Because you can breathe through your mouth. 
Because there is something moving in your throat. 
Because you swallow air. 
Because you are able to move your tongue. 
6. Will a drum make sound? 
( ) a. 
( ) b. 
( ) c. 
( ) d. 
When the head is full of holes and struck with 
a stick. 
When the head is tight and struck with a stick. 
When the head is made of loose skin and struck 
with a stick. 
When the head is loose and struck with a stick. 
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7• Will a jug make a sound? 
~' ~ ~: 
( ) c. 
( ) d. 
When you blow air across the mouth of it. 
Whenyou blow gently into it. 
When you turn it upside down. 
When you blow air into. it through a straw. 
8. Will a rubber band make a sound? 
( ) a. 
( ) b. 
( ) c. 
( ) d. 
If it is tight and you pluck it. 
If you hold it in both hands and stretch it. 
If you hold one end in your mouth and one in 
your hand. 
If you hold one end in your hand and step on 
the other end. 
9. Will trees make a sound? 
( ) a • 
( ) b. 
~ ~ ~: 
When the leaves are shaking. 
When the leaves are falling. 
When the trees are near water. 
When the wind is not blowing. 
10. Will telegraph wires make a sound? 
~ ) a. When they are very high above the ground. ) b. When they are not covered. ( ~ c. When there is a stnrm. ( d. When the wind is not blowing. 
11. Will a mosquito make a sound? 
( ~ a. When you slap him. ( b. When he is biting you. ( ~ c. When he is flying very fast. ( d. When he is sitting on the wall. 
12. Will flies make a buzzing sound? 
( ) a. When their wings move very fast. 
( ) b. When they are walking on the screen. 
( ) c. When they are eating. 
( ) d. When they rub their feet together. 
13. When you whistle sound is made: 
( ) a. 
~ ) b. 
( ~ ~: 
By pushing your tongue between your lips. 
By forcing air through your lips. 
By moving your jaws. 
By moving your lips together. 
1:1:1 . 
14. Will automobile tires make a singing sound? 
15. 
~ ~ ~: 
( ) c. 
( ) d. 
When you place your foot on the brake very easy. 
When a wheel is jacked up. 
When the car is traveling fast. 
When you cross the white line on the road. 
W:hll the door squeak? 
~ ) a. If it is closed. ) b. If it is open. ( ) c. If it is wet and tight so you can't open it. ( ) d. If it is being opened or closed. 
16. Will a policeman's whistle make a sound? 
( ) a. 
( ) b. 
~ ~ ~: 
Because it is made of wood. 
Because of air being blown through it. 
Because there is a little ball in it. 
Because it is made of metal. 
17. Will the rails of a railroad make a sound? 
~ l ~: ( c. 
( d. 
When a train is shaking it. 
When they are over a river. 
When the wind is blowing hard. 
When a car is passing along beside it. 
18. Will an electric fan make a sound? 
( ) a. 
( ) b. 
( ) 0. 
( ) d. 
When you turn the blade wiilh your hand. 
When it is plugged in. 
When the blade is hot. 
When the blade is turning very fast. 
19. Will a pair of shoes squeak. 
( ) a. 
( ) b. 
~ ~ ~: 
When you are walking with them on. 
When they fit your foot too tight. 
When they are worn out. 
When they have been shined. 
20. Will a radio make a sound? 
( ) a. 
( ) b. 
( ) c. 
( ) d. 
Because it has electric wires going into it. 
Because the dial lights up. 
Because it has something in it that mOves very 
fast. 
Because it warms up. 
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21. Will a bell make a sound? 
( ) a. 
( ) b. 
~ ~ ~: 
When you pull the bell rope. 
When the clapper hits it. 
When the bell is hanging in the church tower. 
When the bell is moving. 
22. Will a oar horn make a sound? 
( ) a. 
( ) b. 
( ) o. 
( ) d. 
When you turn the oar switch on. 
Because you push a button. 
Because it is connected to the battery. 
Because there is something in it that is moving. 
23. Will the stairs make a sound? 
~ ~ ~: 
( ) c. 
( ) d. 
When the stairs move when you walk on them. 
When there is no carpet on the stairs. 
When a board is loose. 
Wben a oat runs up or down the stairs. 
24. Will the ocean waves make a sound? ( l a • ( b. 
( o. 
( d. 
When the waves hit the beach. 
When the waves hit each other. 
When the ocean is calm. 
When you are fishing. 
25. Will chalk make a sound? 
When you hold it in both hands. 
When you hold it against the black-board. 
When you rub it over the black-board. 
When you lay it down easy. 
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STORY ON SOUND 
lf cmimals and boys and girls did not have anyears-, there would no-t !:;!. any so-und 1 The .outside 
part of your ears catches quickly-moving waves in the air (or ln the water if·you·are swimming). lf 
the wa.ves are not moving too fQs-t or too slow, we SQY that we hectr a soundG 
. What makes the waves in .the air? Something must move bctck and forth quite fc:tst, so as to make 
waves. in the aTr. (~r~ps you have made wa.ve.s in a. pond or in the bathtub.). We saythat things 
' ' 
' 
· VlSRAIE (or mo~ oock ·and forth.quickly)' to mak-e SOUND WAVES~ We ccm hear sound wave$ with 
our _oUtside eQrs and with.the inside of our ears and our brctins. 
There is never any sound .unless something is moving hc:tck :cmd forth. And of col!l'Se there must he 
something between the .moving thing :and your ears, like water, oro.ir, or meta.l, or s:trlng. There 
must be: something which.can have waves in it, or you can not hear anything •. On the Moon, you: 
could not heQt any sounds, usually, for there ts. no air there. You could put your ear down on the 
rocks and hear footsteps a long way off, though. The wqves would travel through the rocks. (A 
rcidio ln your space-helmet would work, though, for rc:tdio waves .Qre not sound and do not need any-
thing to travel through.) And with something moving back and forth, somethlng to ce~rry the waves 
-- . 
there must still be ec;u-s to catch .the WQVes. and -send 'them to your hraJn. THEN you say(') hear .Q: 
. ,, 
. ,, . 
Dear Sir: 
BOSTON UNIVERSITY 
SCHOOL OF EDUCATION 
Ut BAY STATE ROAD 
BOSTON IS, MASSACHUSETTS 
November 7 r 1952 
The science division ~f the School of Education of Boston University is undertaking 
an extensive study to e_stablish grade placements for physical science principles in the 
elementary school. In .order to do this it is ne.cessary to send demanshalors into the 
elementary schools of New England. Each demonstrator will take one physical science 
principle into different schools at different grade levels. Any information .collected in 
thisreseQrchwill be treated collectively. The do:tawill be presented in final form so 
as to reflect results from the total population sampled, and at no time wi II reference be 
made to a single school. Your school system will be used for research at the fourth and 
· sixth gr(Jde level, if you are willing. 
lhe procedure will include a lecture-demortstration-·on the pri·nciple of sound 1 
conducted by-Mr. -Herbert G. Oxendine, an experienced·dGssroom teacher, who has had 
two years of graduate study at B?non University ·and is now a teaching fellow in the Schoo'! 
of Education. The plan for classroom procedure is a~ fellows: 
1. Pre-test on the principle of sound to determine the initial knowledge of the 
principle. {approximate time 15 minutes) 
2. A. Demonstration- on sOtJnd for that part of the- el-oss that is·· se-J.eeted as the 
experimental group. 
· B. ·Sil-ent -reading for that-part of .the class that is not included in the group 
in A above-. (appro~mate-time 15 minutes}· 
3. Post-test for all pt:Jpi-1-s-·i·n .. dcm-.- (apprcmimate time 15 minutes) 
4. Demonstration--on the pri!'lciple of -heat for those who did not see demonstra-
on .soundo (appro-xi-mate time 15·rnint:i'tes) · 
5. f-ourth and sixth 'grades will be involved at the same time 1 so that the time 
element for the research wH l· be--approximate! y one hot~r. 
It will be- necessary for the-teacher to--give the-Otts--Qui-ck-Scori"9 mental aptitude 
·test the· next day and forward the papers to Mr. Oxendine in manHa·envel-opes provided 
by him. Mr. Oxendine will leave-with the teacher·-some-·cop-i-es of the· post-test to be 
given -again in two weeks after the demonstrations. These will be mailed to Mr. Oxendine 
when completed. Mr. Oxendine--wi-11 furnish all tests, manila envelopes and postage. 
~f you do or do not grant yotJr·-permission would you·plectse fi II out the questionaire 
below cmd send it to Mr. Oxendine using the self-addressed envelope enclosed. 
JGR:mrc 
Very truly yours1 
John G. Read 
Professor of Education 
:t15 
QUES!iONAiRE 
Do you ·grant your permission for this research? ·if so 1 give name and 1-ecat-i-on -af--s-choo I 
wher-e- Mr. Oxendine··i-s- to repart: 
School 
--------------------------------------------~----------~~~ 
Location 
Name of Principal _________________ His telephone number·--~------
Do youwish Mr. Oxendine to call you before he goes to the school? Yes No 
---
Do you wish. the l Q''S of the pupils used in this study to b:e turned over to the schoo I? 
Yes . No 
---
Oo you wlsh the results of this study to be made available to you? Yes No· 
------
11..6 
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